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I18S6 T waa asked to give a, course of lectures to the 
Jciefcy of Arts. Shorthand notes were taken of these 
lectures, and the first five lectures in the present volume 
are compiled from these notes, but with some alterations. 
The lectures were primarily iutended for an intelligent 
audience, ignorant of electrical science, but anxious to 
obtain sufficient knowledge of the subject to be able to 
follow the progress now being made in the science. It is 
to such persons that the following pages may perhaps be 
useful. The sixth lecture is introduced with the object of 
showing the applications of the general principles to one 
department of practical engineering. It was originally 
delivered at the Electrical Exhibition at Philadelphia in 
1884, at the request of the Franklin Institute. 

In the course of these p^ea it has been my object to 
present in clear language the fundamental facts which 
govern electrical phenomena, and in such a manner at; 
will leave the reader nothing to unlearn. To popularise 



ELECTKICITY 






ii ti- 



PRINTED RY 
JBPOTTISWOODE AND CO., NEW-f^TKEET SQUARE 

LOXDOX 



COURSE OF LECTURES 



ON 



SLECTEIOITY 



DELIVERED BEFORE THE SOCIETY OF ARTS 



BY 

GEOEGE XORBES 

31. A., F.R.S. (L. Si B.), F.R.A.S., M.S.T.E. and E., Assoc. iNST. C.K 







• • ' » - • ;' 

» w ^ ^ * 


' •■;>' 
















• 
* ^ » •* *• J 




LONDON 






LONGMANS, 


GREEN, 


AND 


CO. 


AND NEW YORK : 15 EAST ICt^ STREET 












All 


rightt rejterved 







■I 



ELEMENTARY LECTURES OX ELECTEICITT 



the silk and glass one on each aide of the ball, and yon 
see that the ball is acted upon by the space between the 
silk and glass so as to move from the glass towards the 
silk. After having touched the glass, the bail is acted 
upon by the electrified space in the same way as the glass 
was in the previous experiment (moving towards the sUk). 
If, now, I firet make it touch the silk and then hang it 
yon see that the electrified space moves it towards the glass. 
In each case, contact with rubbed glass or silk causes the 
electrified space to act on the ball in the same way as it 




<^'~ 



does on the material touched, We found before that the 
rubbed silk and glass are acted on by the space ao as W 
move in opposite directions. We now find that after the 
light ball has touched the rubbed silk or glass the electri- 
fied space moves it also in opposite directions. In each 
case the ball is said to be electrified by contact, but there 
is something different in the two means of electrify! "■^ 
the ball. We must denote this by some language, 't 
we say that the ball is positively electrified if it movj 
towards the silk, and n^fatively if it moves towards t( 
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^lass. It follows fi-om tbia that, after tie glass and silk 
have been rubbed, the glass is positively and the silk 
negatively electrified. We have now learnt that when an. 
electrified body touches another which is not electrified, 
it takea some of the electrical condition from that other 
body. 

If T have two metal balls on shellac fibres and touch the 
rubbed silk with one and the rubbed glass with the other, 
tlie one is said to be positively and the other negatively 
electrified. If the two are now made to touch, each is as 
much influenced by positive as by negative electrification. 
Thus Ijoth become neutral. (It will be understood pre- 
sently that if the balls were not both conductors contact 
at every electrified part would be necessary to destroy the 
electrified condition.) 

These actions of the space on an electrified ball and 
Ml mbbed glass and silk are the same as if two positively 
electrified bodies repel each other, and as if two negatively 
electrified bodies repel each other, and as if a positively 
electrified body attracts a negatively electrified body. 
Hence a rule is often given which saves time in stating 
the iacts, namely, that ' like electricities repel, unlike 
electricities attract.' This is a most unscientific way of 
BpeaMng, because there are no such things as electricities. 
Electricity is merely the science of electrical phenomena. 
Nor is it even true that the electrified bodies attract and 
repel each other. It is the electrified space which acta on 
' the electrified bodies and makes them act as if they attract 
and repel each other. All this must be remembered if 
the above rule is quoted. 

I have used a rod or sheet of glass and a strip of silk 
in these experiments ; other materials would act similarly, 
[gh not always with the same intensity. Sealing-wax 
it be mbbed on fiannel or cat's fur and the same effects 
..fja obsen'ed. The rubbed sealing-wax if suspended 
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in a paper stirrup between the mntually rubbed silk and 
glass would move from the silk towards the glass. Hence 
it is negatively electrified. The cat's fur or flannel is 
positively electrified. The most extensive experiments i 
have all gone to prove that we cannot electrify one body! 
positively without at the same time electrifying anoth^ 
negatively to an equal extent. In fact the only effects 
which we have observed or can discover are those produced 
in and by the electrified space lying between those bodies 
which we say are positively and negatively electrified. 




Fig. 4. — Gold-leaf Electroscope. 

P. Glass jar. W. Metal rod. T. Metal disc. LL'. Gold leaves. When T is 
electrified, L and U diverge, and take up the position of the dotted lines. 



(When I speak of the space between two bodies I mean the 
space separating them, not necessarily in a straight line 
between them.) When I electrify one body by contact , 
with an electrified one, what is given to the one is taker ^ 
from the other. 'm! 

I will now show you two instruments used for detecting J 
feeble electrification. The first is the gold-leaf electroscope] I 
A rod of metal has a metal knob or flat disc at the top ' 

r 
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I two strips of gold-leaf facing each other at the bottom, 

I it is passed through the stopper of a jar at its middle. 

B gold-leaves are very light and the jar prevents currents 

r from blowing them about. I touch the disc with a 

tively electrified body The two lea\ es L and l' become 

tively electrified There muat ot course be a nega- 

alettnhed body somewhere Call it V The apace 

icb separates the leaf L from F includes the poaitively 
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trifled gold-leaf l'. Hence l' moves from L i 

wds F. 80 also the space separating the other 

' from V is electrified and acts on L. Thus L and 1/ 

ficaused to diverge when an electrified body touches 

Kdtsc. Tou see this when I rub a piece of glass with 

E and touch the disc with it. There now, the leaves 

The other instrument for detecting feeble electrification 
w qnadrant electrometer, I will not now describe tfae 
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With a pear-shaped conductor the electrification is 
greatest at the i)oint of the pear, as you see when I bring 
a wire connected with the electrometer to different parts 
of the conductor. The electrification, if uniform, would 
be repelled by the large surface at one end much more 
than by the point at the other, and hence the pot-ential at 
the point would accumulate until there was equilibrium. 

The potential at the point of a wire or the edge of a 
thin sheet of metal may be so great that the dielectric 
resistance of the air is overcome and the wire or sheet oi 
metal is discharged. 

Having now shown you the phenomena of attraction, 
repulsion and induction, I would ask you whether you feel 
satisfied with the old view w^hich used to be held, accord- 
ing to which electricity is a fluid material which settles 
upon the surface of an electrified body, and, acting across 
the intervening space by a kind of action at a distance) 
causes attraction and repulsion of other bodies, and also 
causes attraction and repulsion of the fluid on a conductor. 
The question of the possibility of action at a distance is an 
old one which meets us w'lien we study gravitation and 
other physical forces, and for myself it is inconceivable 
that the sun for example can be endowed with something 
like a mesmeric power by which it is able to w'iil the dis- 
tant planets to approach it. Still more inconceivable is it 
to me that this rubbed glass rod can divine whether 
another object in its neighbourhood is positively or nega- 
tively electrified, and so will that distant body to approach 
to or recede from it. To me the notion of such action ak 
a distance is so inconceivably absurd, so beyond the pro- 
vince of the natural philosopher, that it passes altogether 
into a pseudo-metaphysical question. Does it not seem to 
you that all these actions must be due to the intervening 
action of something (call it the ether if you will) existing 
between the m utually acting bodies ? T\ie ^:d^\ievi^^ o^ ^xsdi 
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Qifference of electrical potential of rubbed glass and silk is 
^iis of thousands of times greater than that of zinc and 
^pper when lightly touched. But this last difference of 
potentials which gave us a motion of about two inches of 
i the spot of light is almost exactly what we take as our unit 
a^d call a volt 

But I am anticipating. To return to this electrometer, 
i might show you by its aid that any two dissimilar sub- 
stances when rubbed or even pressed together are electri- 
fied, the one positively and the other negatively. If any 
two of the following substances be rubbed together, the one 
first on the list becomes positively, the other negatively, 
electrified. 

Positive. 
Cat's fur. 
Polished glass. 
Wool. 

Cork, at ordinary temperature. 
Coarse brown paper. 
Cork (heated). 
White silk. 
Black silk. 
Shellac. 
Hough glass. 

Negative. 

I wish you to notice that the order of the objects in 
such a list does not depend merely upon the material but 
also on the nature of the surface. In the table you see 
that rough glass is put at the bottoni and polished glaFS 
near the top. Hitherto in our experiments with glass it 
has been smooth. Here I have a rod of glass with one end 
rough, the other smooth. I rub the polished end and touch 
the disc of the gold-leaf electroscope which is now positive, 
,'and the leaves diverge. On approaching the rubbed ^lasa 
)}to the disc of the electroscope, you &ee t\ia\) ^k^ V»n^% 
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diverge farther. I now rub the rough end of the glass 
rod. I bring it near the electroscoj^, the leaves converge 
showing the opposite kind of electrification. This dif- 
ference depends upon the mechanical nature of the surface. 
We find that the surface has an influence on the character 
of the electrification. Thus also we find that a black ribbon 
rubbed with a white one is negative to it. We find that 
a hot piece of cork rubbed against a cold one is negative 
to it. I would remark that in all these cases of surface 
influence the best radiator of heat or light is the most 
negative. A hot body radiates more heat than a cold 
one, and is negative to it. A rough surface radiates more 
than a smooth one, and is negative to it. A black body 
radiates more heat than a white one, and is negative to it. 
I give this only as an aid to memory. I do not imply 
that there is a physical connection between the two phe- 
nomena, although there are some startling similarities 
in some of the actions of bodies in relation to heat and 
electricity. 

Hitherto I have dealt chiefly with the electrification of 
materials which we call insulators, and which do not con- 
duct the electrical condition easily. If I rub a piece of 
brass with cat's fur you see that it has no influence what- 
ever upon the electroscope; but this is not because the 
electrical condition is not created. The reason is that 
brass is able to conduct the electrical condition which it 
acquires through my hand and body to the ground and so 
over the surface of the earth. If I put this handle of 
shellac to the brass rod, the shellac acting as an insulator 
does not allow the electrical condition to pass to my hand. 
I rub the brass and you now see its influence on thr^^- 
electroscope. 

I can show this in another way ; by striking the bras si! 
disc of the electroscope with a piece of silk, you see that ? , 
the gold leaves are caused to diverge. [ 

r 
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electrified bodifis. The direction of such lines of iu- 
duction through an air space is shown by hanging an 
electritied pith ball by a silk fibre in different parts of that 
space. The direction of its motion shows the direction of 
the induction (or more esactly the horizontal component 
of it). His idea, now univeraatly accepted, was that we 
must abolish the idea of electricity being a material, 
abolish the idea of bodies being charged with electricity ; 
j-where there is equilibrium we never find proofs of electri- 
wtion. in the mass of the condnctor, but only in the 
i of the insulating mediuin, and at that part of the 
idium which fonns the boundary of the conductor. 
In illustration of these retnarka I will now show you 
I experiment with a Leyden jar which can be taken to 
1 remove the inner and outer coatings and touch 
e electroscope with them. They hardly show a sign of 
^rificfttion. It is the strain in the glass which gave 
9 Leyden jar its power I replace the coatings which 
B not electrified. The strained glass can now act through 
On connecting the two coatings I get a spark. 
The poles of my electrical machine are connected with 
e inside and outside of a Leyden jar. After charging I 
joharge it, but the glass has not got rid of its strain 
i on again connecting the knobs you see I get another 
Fepark. 

It 19 sometimes possible to get a considerable number 
I of discharges in the same way. I can show you a re- 
markable example with the help of a piece of material 
I called dermatite lent me by Mr. Wimshurst. I stand 
upon it and hold the knob of the electrical machine while 
the handle is being tnmed. Inductive action is now going 
on in the sheet of dermatite between my body and the 
floctr. I am now positively charged, and we will see if 
Mr. Davenport can take sparks from my fingers. [Nine 
successive sjsarks, tiie last very feeWe, 'wete -5T(ii\icfii';\ 
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Had it not been that thi» material takes a long time to 
get rid of its stmin, the first discharge would have com- 
pletely discharged the electrical state. But, probably 
owing to its being made of layers differing in their insu- 
lating ix)\vers, it takes some time to discharge and so you 
saw a succession of sparks. 

I will show you now another very striking experiment 
to prove that the induction in glass is a state of strain. 
After discharging a Leyden jar, I connect its inner coating 
with the electrometer, the outer coating being on the 
table. The jar has still some strain to get rid of, as is 
shown by the increasing motion of the spot of light which 
marks the movements of the index of the electrometer. 
The rate at which the spot of light is moving shows the 
rate at which the strain is being got rid of. Now I give 
the jar a few sharp taps, and the spot moves two or three 
times as quickly. What do these taps do to the glass? 
They help the glass to get rid of its state of mechanical 
strain. An increased rate of getting rid of mechanical 
strain is accompanied by an increased difference of poten,- 
tial between the coatings of the Leyden jar. 

No doubt the strain in the glass acts by affecting the 
ether which is associated with the molecules of glass, and 
it is easy for me to show you that mechanical strain of 
glass does affect the luminiferous ether. Here is an elec- 
tric lamp, by means of which I can throw a beam of 
light upon the screen. In the course of the beam I in- 
terpose two transparent Nicol's prisms, as they are called, 
kindly lent me by Dr. De la Hue. They have a remark- 
able property of only allowing part of the vibrations 
which constitute light to pass through them. As ar- 
ranged at present the first one only allows up and down 
vibrations to pass through, and the second one only alio' 
horizontal vibrations to pass through, and so no light c 
pass through both of them, so that we get no light npc- 
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the screen. By turning the second one about the beam 
of light as an axis through ninety degrees, it allows up 
and down vibrations to pass, and you see the screen illu- 
minated. I replace them in the dark position. There 
is no light on the screen. I now put a piece of glass 
between the two prisms where it is struck by the up 
and down vibrations. Still there is no light on the screen. 
Now I give a mechanical twist to the glass. It changes 
the direction of the vibrations and you see light on the 
screen. Now light is propagated through the ether, but 
the mechanical strain on the glass acts as a strain upon 
the ether. So also in the electrical phenomenon it is quite 
likely that it is the ether which produces the phenomena 
of induction when the glass is strained. Faraday con- 
tented himself with showing that all the phenomena of 
electrical equilibrium can be accounted for by supposing 
the insulating medium to be strained. Clerk Maxwell 
gave reasons for believing that the same ether performs 
the functions for radiant light or heat and for electricity. 
Maxwell extended Faraday's views considerably and proved 
mathematically that if we can suppose the medium to be 
in a state of tension along the lines of induction (just as 
the bundle of silk fibres in turpentine were in a state of 
tension along the line of induction in a previous experi- 
ment), and if we can further suppose that there is an 
equal pressure tending to extend the medium in directions 
at right angles to the induction, then all the phenomena 
of electricity in equilibrium can be explained. 

It becomes highly important then to show that the strain 
in electrified glass is in the direction indicated by Faraday 
and Clerk Maxwell. To do this I make use of the elec- 
tric lamp, Nicol's prisms and screen (fig. 13) which we have 
just been using, but instead of the mechanically strained 
glass I insert a piece of electrically strained glass. The 
^Jass slab has holes in it through two opposite edges, nearly 



POTENTIAL AND ELECTROMOTIVE FORCE 33 

'Jaeeting in the middle.* I have wires in these holes whose 
^^ds, one-quarter-of-an-inch apart, are separated by the glass, 
^ese wires go to the knobs of the Wimshurst machine. 
We have darkness on the screen now, but when I turn the 
handle of the machine light appears, showing the strain 
produced electrically. This experiment was first made 
^^ccessfully by Dr. Kerr of Glasgow, and by means of 
*iich apparatus he was able to prove that the direction of 
ie strain was the same as theory predicted. 

' In the figure the slab of glass is replaced by a dish containiDg bi- 
ilphide of carbon. Two glass tubes with bulbs full of mercurj' form 
16 points of connection to the machine. 
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LECTURE II. 
ELECTRIC CURRENT AND RESISTANCE. 

In the last lecture I showed you that any space not occupied 
by a conductor can become electrified or strained in sucli 
a way as to produce attractions and repulsions on the bodies 
which bound that electrically strained space. In any such 
space there is an electromotive force which is capable of 
creating a momentary current in any material which is a 
conductor, giving rise to a rearrangement of the electrifica- 
tion by the process known as induction. This principle of 
induction enables us to understand the significance of in- 
numerable experiments. I could multiply examples and 
would gladly do so but that I prefer to concentrate our 
attention on the special parts of electrical science, which 
are now being so much applied to practical purposes. 
During the act of induction in a conductor, an electric 
current, momentary in duration, passes along the conductor. 
So also when I touch one end of a wire with an electrified 
body, an electric current passes along the wire. But the 
capacity, as we call it, of any electrified body is so small, 
that these currents are insignificant compared with the 
effects we can get by using galvanic batteries as the source 
of our electricity. This is the kind of current we shall be 
examining in the future. But I wish you to realise that 
the electric currents we are proceeding to study are exactly 
the same in character as those obtained when we touch 
two ends of a wire with oppositely electrified bodies. The 
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peetrie cnrrent which passes to the earth during a light- 

■ tiing flash, infiEitesimal thoug^h its duration may be, is 

I 'hectically of the same character as the electric current 

j ^fiiieh passes from batteries through the telegraph instru- 

I or which is KghtLug ap this room by means of 

tiiese glow-lamps. 

It is hardly necessary now to insist upon this, but there 
Was a time, not so long ago, when it required the laborioua 
researches of our most able experimenters to prove that 
all electric currents however generated are the same in 
character and produce the same kind of eJFecta, thermal, 
chemical, magnetic, and physiological. 

I will, however, show yoii these experiments with the 
■imshurst machine to illustrate the fact that heating 




effects, magnetic effects, and chemical effects can be obtained 
from its currents. You wil! afterwards have abundant 
evidence that the same effects are produced by the current 
of a galvanic battery. I have here a small strip of tin- 
foil between two plates of glass. I subject it to an 
electromotive force by pnttinf^ it between the two knobs of 
the Wimshiirst machine, and then working the machine. 
Now the spark passes. A current has flowed through the 
foil and heated it to the fusing point, and its particles are 
scattered right and left on the glass, leaving a mark which 
?emiiids me of the scattering of sand when a string of 
dynamite cartridges has been exploded upon the sea^beach 
(fig. 1). Here is another specimen in which the effect is 
even jnore powerfaUy shown, because not only "Vaa tine, 'Om.- 
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foil been actually fused, but the glass has been shattered 
by the power of the discharge. 

The quantity of electricity which flows in the minute 
time occupied by this discharge is very small. In fact 
Faraday stated that in the most powerful lightning flash 
there is not so much electricity passing as there is at the 
time when we decompose a single drop of water by the 
electric current. 

I will now show you a magnetic efiect of the discharge, 
using for this a battery of Ley den jars to accumulate the 
electricity, and so increase the instantaneous current 
occurring during discharge. I have two knitting-needles 




Fig. 2. 

A. Battery of Leyden jars. B C. A strip of copper. D and E. Two un- 
magnetised knitting-needles. G. A knob connected with the negative 
insides of the Leyden jars. F. A knob connected through the copper strip 
with the positive outside of the jars. After the spark passes between F 
and G, the end E of one wire tends to point to the north, and D to the south. 

which, as you see, do not produce any marked movement 
in a compass-needle when brought near it. They are not 
magnetised. I place one of them, as you see, below and the 
other above a strip of sheet copper (fig. 2). Both needles 
are pointing towards you, and I shall connect the ends of 
the copper strip with the inside and outside of the Leyden 
jars so that the positive electrical condition has to flow from 
your right to your left, and the negative in the opposite 
direction. There, now the powerful discharge has passed. 
I suspend each knitting-needle by a thread. They both 
point north and south, but I have painted the ends which 
were towards you white. You see that the white end of 
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the one which wea under the copper strip pointa to the 
^orth, the white end of the other points to the south. You 
Can hardly yet appreciate the significance of this experi- 
fQent until you have seen that exactly similar effects occur 
"^ith a galvanic cell as the source of electromotive force. 

I will now show you that the discharge from the 
liachine can decompose a aolntion of sulphate of copper 
and deposit copper on the negatively electrified conductor 
which is in the solution. Here I have a glass plate with 
two pieces of tinfoil fastened to it (fig. 3). They are con- 




nected, one with a piece of wire, the other with a wet 
string, to the two knobs of the Wimshurst machine. With 
a paint-brush dipped in a solution of sulphate of copper I 
draw a rough line on the glass, and, after twisting into 
convenient form two pieces of platinum wire, I place each 
in contact with one of the pieces of tinfoil, and the point of 
each wire at one end of the line of sulphate of copper 
solution. I now pass the discharge from the machine. 
The wet string being a poor conductor makes the discharge 
iHOW gradual and without sparks. After a "omviAe \ "qrw 
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stop the action and remove the platinum which was nep 
tively electrified. I will pass it round to you, and you ca 
see it is covered with copper. The positive one is n( 
affected. 

It appears that the effects of an electric current can I 
produced either by the passage of an electrical conditio 
through a conductor, or else by the bodily transfereni 
of an electrical conductor which is electrified. If I hold 
conductor by an insulating handle and make it touch tl 
two electrified knobs of the machine alternately, I a 
always carrying positive electrification in one directii 
or negative in the opposite direction. We have reaso: 
for supposing that this action is the same as an electi 
current. Some years ago Professor Rowland showed th 
by charging a body with electricity, and moving it wi 
great rapidity he was able to produce effects like the 
due to an electric current, and to cause the deflection of 
compass-needle. I believe that his experiment has nev 
been successfully repeated. 

I will now show you some simple means by which i 
electric current can be produced, and I will begin by sho^ 
ing upon the screen an image of a glass cell containii 
water with a little sulphuric acid in it. Now I introdu 
a copper wire into it ; you see its image sharply in foci 
there is no bubbling of gas near it. I now introduce 
piece of pure zinc in place of the copper and there is 
gas. I will next introduce them simultaneously — t 
zinc and the copper — and still there is no sign of g 
But now notice, so soon as I touch the wires there is 
evolution of gas rising from the copper in bubbles ; on 1 
screen the bubbles go downwards because the image of i 
cell is inverted (fig. 4). This is the gas hydrogen, anc 
shows that the mere contact of the metals when dippi 
in the water makes a great difference. The hydros 
can only come from the acidulated wf conta 



rogen. It appears, then, that cheinicnl dpcorajHiiiitioii 

mihe liquid is goiug on when the metals t^iich. 

On a chemical exuminationoft.be products of this action 
tie found that the ijuauttty of water in the cell is not 
Btered, that the qnanlity of fiulpburic acid diniinislieti, that 
rsiinc sulphate is formed iu its plaf-e, and tliat hydrogen goa 
» given off at tie copper plate. Now zinc sulphate ditfere 
Kite conetitntion from anlphoric acid only by the snb- 
pntion of zinc for hydrogen in its molecules. But this 
rtitntion of zinc Bulphate for snlphuric acid occurs 
Byonlhe surface of the zinc, the hydrogen is formed only 




on the surface of the copper. There must then be an 
interchange of hydrogen between the molecules that lie 
between these two positions. While this action is going 
on we find that a transference of electrification is taking 
place in a complete circuit, through the liquid and two 
metals back to the liquid. This is an electric current 
whose effects we shall observe immediately. But whether 
the chemical action is the result of the electricity, or the 
latter the result of the former, I cannot tell you. This is 
ain, that pure zinc is not acted on by the liquid 
r conduct' "opper, completes the circr 
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This chemical action under the influence of elfL-trici^, 
lifts been explained or rather illustrated by the 
pa ny in g diagram, tig. 5 (n) and (''). 

A molecule of water is made up of an atom of osygeiii 
combined with two atoms of hydi-ogen. The dingnm 
ehowa the arrangement tif a string of molecules between 
the zinc and copper ; each small square is oxygen, each 
large one hydrogen. The positive zinc attracts uxj'gen 
which is negative, and this accounts for the poIariiKd 
arrangement of the atoms in the water molecules. When 
a wire connects the zinc and copper, the action in fig. 5 
(t) takes place. A zinc atom combines with an oxygen 
atom. A recombination of oxj-geu and hydrogen takes 



yy Sulphune Act 
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Fig. 5 (a), 

place all along the line, leaving liydrogen free at 
copper. These new molecules now turn round till 
take the positions in fig. 5 (d), and the process is i« 
peated. After the above action, the zinc, which hll 
formed zinc oxide, changes place with the hydrogen oft 
sulphuric acid, thus forming molecules of zinc sulphi 
and water. 

We found in our last lecture that when zinc and co^ 
are in contact the zinc is positively, the copper negative] 
electrified. It ia possible that this is just the impetus tJM 
is required to separate the molecule of water, sending ^ 
oxygen part (negative) to the positive zinc, and hydrof 
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Bto the negative copper. It is qnite conceivable that in 
some such way the electric and chemical actions are re- 
lated. There are some who go so far as to think that the 
chemical affinity of atoms for each other is merely an 
electrical attraction, and that all chemical action is equiva- 
lent to the production of local electric currents. But all 
this is in the realm of hypothesis, and no theory has beeu 
established which completely and conclusively explains 
electro-chemical action. 

The simple cell which you have now seen is called a 
galvanic cell (fig. 6). Here I have a larger cell of the same 
amj{. I have a copper plate aud a zinc plate with copper 



ifc^:. 



Wires attached, going to the externa! conducting circuit. 
According to what we have noticed before, the copper wire 
connected to the zinc is negative, whilst the positive of 
the zinc passes through the liquid and the copper plate, to 
the attached wire. If the two wires be now connected by 
a conducting circuit, a current of positive electricity passes 
from the wire attached to the copper through the circuit 
to the wire attached to the zinc. 

I will now show you some more chemical actions which 
take place under the action of these jwsitive (+) and 
negative (— ) terminals. I connect these terminals to two 
strips of platinum which I place under the water contained 
in a test-tube. The water has a little acid in it to increase 
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its electrical conducting power. Platinum is used because 
it cannot be acted upon by oxygen. 

You now see bubbles of gas given off in the liquid of 
the test-tube (fig. 7). These gases are oxygen and hydro- 
gen, the coniix)nents of water. The test-tube is now full. 
I lift it up and bring the mouth of it to a flame, and a 
loud explosion occurs, giving you some notion of the energy 
which is being converted into heat when oxygen and 
hydrogen combine to form water. I can have the two 
platinum terminals each in a separate test-tube, and now 
you will find that negative oxygen is given oflf at the ter- 
minal connected with the copper of my galvanic battery, 
and hydrogen at the other. The tubes are nearly filled, 



r^ 




Wire* to 
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Fig. 7. — Decomposition of water by the electric current. 

and when they are full I will test them to show you that 
this is the case. Here is the test-tube which was connected 
with the zinc of the cell ; I approach a lighted taper to it 
and it burns with the blue flame of hydrogen, and you now 
see the flame descending the tube as the hydrogen is con- 
sumed. I now blow out the taper but leave it smouldering. 
I introduce it into the test-tube which was connected with 
the copper, and the taper bursts into flame. This test 
shows that we have oxygen in the tube. 

I now throw upon the screen an image of a glass cell 
containing a solution of sulphate of copper. I introduce 
into it the two copper wires which are the terminals of my 
galvanic cell. You now see an accretion of particles on 
the wire coming from the zinc (the negative vrire). These 
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particles are pure copper. Tlie sulphate of copper is de- 
I Composed ; positive copper being dtposited on the negative 
terminal, and copper being dissolved from tlie positive one. 
Thus the strength of the solution remains unaltered. If 
in place of a copper wire I place any other conducting 
material in the liqaid as a negative terminal, it becomes 
coated with copper. 

This simple experiment contains the essence of the 
whole art of electro-plating. 

I will show you one more experiment to illustrate the 
chemical action of the electric current. Here I have a 
eteel plate highly polished. I put it into this vessel which 
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I Bhall fill with a solution of acetate of lead. Over it I 
place the point of a wire which ia attached to the zinc 
plate of a galvanic cell. I now fill the vessel with the 
solution, and connect the steel plate with the copper of the 
cell. Chemical action is now going on, and an oxide of lead 
18 being deposited on the steel in a tiiin fiJm whose thick- 
ness is greatest near to the point of tlie wire. Thus we 
liBve different thicknesses on concentric circles, and these 
show the beautiful iridescent colours of thin plates which Sir 
Isaac Newton studied in another way (fig. 9). This experi- 
ment was devised by an Italian philosopher called Nohili, 
Thene jnethoda of eJectro-ctemiBU^ Wuft \«*;ti. "sasi^ 
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applietl in practice. By tliia meana pold, silver, coppB, I 
ami nickel are fxtracted from liquid solutions and deposited I 
upon articles connected with the zinc of a battery. Thou- I 
sands of tons of pure copper are also obtained from impure | 
metal by this means. I venture to predict that before lo 
all copper kitchen ntensils will be thus made, and in tlie | 
same wny, perhaps, ships' bottoms will be coppered. 

Hitherto I have used a typical form of battery 
sifting of copper and zinc plates immersed in water diluted 1 
with acid. In such a battery you have seen that hydn^en I 
collects on the copper plat«. Now hydrogen is positive I 
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Fig. 9.— Nobili's rings produced by a deposit from acetate o£ leaoi ( 
and sliuwijig tte beuuciful toluuis u{ thin pliiteii. 

and copper negative. Thus a counter electromotive fof'* 
is established. But if we have in our conducting circ"^ 
two electromotive forces in opposite directions they ta^l 
to neutralise each other. Thia is made manifest byawea^ 
ening of the current whiui we get from our battery, 
prevent this action we must prevent the hydrogen fro 
touching the copper. Thia is accomplished in Daniell's O 
which I now show you by putting the copper into a porO^ 
pot cootaining sulphate of copper, which absorbs the h-jf 
drogen. Other batteries have round the negative i 
eithar oxide of copper, or lead peroxide] or oxide of x 



anese. or nitric acid, or any ndier nxidisinp ninfrrinl whiclfl 
ombines with the liydrogt>n. A ci-U thiiH pri'[>Bn^ {^| 
«Ued a coniiant cell. If I take two cells aiid join tho tw« 
nnca by wires and the two cop|>ers, if yoii coui^ider rh« 
Hmducting circuit yoii will see tliat the electroniotive forcejB 
n the two cells act in opposite directions. Henop we ^retS 
no effect. If I connect the zinc of one t<i tUe copper of thffl 
ttber by wires, the electromotive force of each cell iiMsIttbH 
t^t of the other and the whole conducting circuit ia actedfl 
Upon bj double the electromotive force. Wlien we waalfl 
to obtain reiy powerful effbctSj we connect a great mnnjA 
cgllh m this nay in series and thus obtain a powerfofl 
lattery Di W. de la Roe thus connected 1 1,1101) cell^ 
Bud obtained an electromotive force comparable with whaH 
we get from a Wiraahnrat machine. ■ 

I cannot, increase the electromotive force of a cell l^V 
enlarging its dimensions. Tliis force depends only on thsfl 
chemical constitnenta of the cell, not on its dimensions. ^1 
esn show tltis to yon in a very convincing manner. HenM 
(%. 10) I hare a small copper and zinc cell made out of »l 
Wpper percussion cap of a rifle, inside which is a piece offl 
"Me wire wrapped in blotting paper which is moistened. I 
■4g«n I have a large cell with plates of copper and zinc wl 
foot "Mjuare. I have also a galvanometer or instrument fopi 
Ofltecting electric cnrrents. It consists of a compass-needle I 
with an index, freely suspended inside a coil of wire. Eacbl 
turn of the wire is electrically insulated from its neighboraJ 
bya coating of silk so that the electric current is compelledl 
to pass through all the coils. One end of the wire is atf-M 
(ached to the zinc of the large cell, the other to the zintf^ 
of the small cell. The two coppers are connected by wire. 
■Hie electromotive forces of the large and small cells are 
Ming in opposite directions on the same circuit, and now 
Vediall see by tli^- irni-A .I'rli- gahTinometer which is the 

If v'.'i' "" li rli,' iriiU-aaometer while I io^l^l 
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iluce the zinc into the small cell and so complete the cIf- 
ouit, you can see the deflection. It is now introduced, and 
there is no perceptible deflection. This proves to us that 
the opposing electromotive forces of the large and small 
cells lire equal to each other. * 

1 now connect the wire from the percussion cap, direct 
to the ir:\lvanometer, thus cutting out the large cell from 
the eondiicting circuit, and you see a powerful deflection. 




1 1\ 



Fig. 10. 

V >:Vv*nionieter. Z. Larpc zinc pliite oouuccted to galvanometer. B. Small 
* I'.v* \\ nipptMl in moist blotting paper. C. Large copper plate connected by 
»^ ic to porcussiou cap D. On placing BinD no movement of the galvano- 
'■■.tci'siuili'x is soen. 

1 must now show you still another means which we 
■ -'t' v^btuiiuug a constant current of electricity. This 
- /. '^".'..'111 yi( our science is called thermo-electricity. I 
''■ ^^v• um* of the same galvanometer as in the last 
^ ■ '■''''^^- I attach an iron and a copper wire to the 
-L • ^'f' lhv^ ^^»il of the galvanometer. The other ends 
^ ^ 'i'l'^'" ikiul iron wires are twisted together to form 
•^ i'^ '-'uiiou. 1 hold this junction in the flame of a 
^ 'i> •">-l iho K ilvauometer index is deflected to the 
' ^M".-^ ui oU'.-trouiotive force from the copper to 
■ ' '-^'^''^^'i lLio hot junction. 1 now put the junc- 
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tion upon ice. There is a defleetion in tlu» (•pjmsitt* 

direction, which indicates an opposite elei'tronmtivr lorci', 

going from iron to copper, through tlit* cold juiutioii. 

The metals bismuth and antimony act still ni(UHMM)werluIIv, 

and instruments can be made out of thfst* nietals whiili 

can detect the feeblest traces of heat. Here I havt* a f iiiu* 

made of two half-cylinders of antimony and bisiimth, 

respectively soldered to make one short tube. A nia^rm- 

tised needle hangs inside the tube by a silk til)n\ and a 

light mirror is attached to the magnet which n*tiects a 

beam of light on to a scale. If one junction is hotter 
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Fig. 11. 



A. Galvanometer. B. Junction of ir«in ami coinirr \vire«5. C. Spirir luiiip. 
D. Block of ice. Heat and colil detii-ct the imlt-x in oi'ini>iti- il:r«-i-iii»n"«. 

tlian the other, a current flows and deflects the needle and 
so moves the spot of light. The radiation from a candle 
at a distance of several yards is sufficient to show a 
marked deflection. 

I have here (fig. 12) a still more sensitive arrangement 
made for me bv Messrs Nalder. 

Thermo-electric battt-ries of considt,M*able power have 
been made ; here is tlie well-known battery of ^I. Clamond. 
It consists of a nuniljer of elements connected into a con- 
tinuous series. P^ach element consists of a strip ^ 
and a bar of *»"'^'- The alloy is a mixture of 
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antimony. There nr.' seventy-five strips of iron and tiift 
saine number of bnrs of alloy. These bars and strips are boI- 
tiered toffetiier in alternate order in each a way tliat evny 
alternate junction comes to the inside of tlie cylindrical 
pile and the other alternate junction to the outside. The 
heat from a Bunsen gas-barner passes np throogh the Aziff 




FlO. 12. — Profesaor Forbea's Thermoiiile Galvanometer. 

, of the cylinder, heating the alternate junctions. The outet 
junctions are cooled by radiation and by contact with tif 
air of the room, The two ends of this series of metalli* 
lentfl have brass binding screws attached which can b 
connected by a wire or oth«r conductor through which Ti 
wish to pass an electric current. I will cause this curreni 
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> pass through the apparatus we have already used i 
ecomposing watfir. Now, as when we used a battery, wej 
Bve a complete conducting circuit, and in this circuit weM 
Bve seventy-tive electromotive forces, all urging the po5i- 
■TC electrical condition in the same direction through the 
ot junctions to the iron, and through the cold junctiona 
i the alloy. You see ttat this intensified force is able to I 
'Brcome the resistance opposed by the water, and to de- J 
impose it into its constituent elerneats, oxygen gas and ] 
i'drogen gas, which rise in babbles through the liquid. 

In all these cases the electrical energy of the current ia 
irived directly from energy in the form of heat. Heat ia 




?. junction, is conducted along the metala, 
^d ia given off at the colder parts of the metala. The total ' 
^t thus given off ia less than the total heat absorbed. The \ 
iflerence represents an amount of energy which is 1 
Sftct equivalent of the electrical energy of the current, J 
'le electromotive force may be created either at tlie June- ^ 
On where heat is absorbed, in which case the heat ab- 
Jtbed is greater than the heat conducted. Or again the 
'ectromotive force may be created during the process of 
fiat-con ducti on in which case the heat which ia conducted 
Wmrda the cold junction ia not all given off to the air 
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when the conducting circuit is closed and a current passes. 
It has been found by experiment that both of these effects 
take place. Thus we find that when an electric current 
flows through a bismuth and antimony junction, from the 
former to the latter, heat is absorbed there. 

To show you this, I make use of a strip of metal, 
partly bismuth and partly antimony, with a little trough 
at their junction. I put a drop of ice-cold water into the 
trough and lay the metal on a piece of flannel which does 
not conduct heat readily. I pass a current from a battery 
from the bismuth to the antimony, and in a few minutes 
the water will be frozen. 




A B 

Fig. 14. — Freezing of water. 

A. Antimonj'. B. Bismuth. E. Drop of water. C. Wire going to copper 
of batter}-. D. Wire goiug to ziuc of batter^-. 

Many years ago Sir William Thomson showed, having 
predicted such an effect by theory, that if a bar of iron be 
heated at its centre, and an electric current passed along 
the bar the point of maximum heating is moved in ti© 
opposite direction to that in which the current flows. 

Now returning to the experiment I see that the water 
is frozen. There is now a small piece of ice at the junc- 
tion of the metals. I pick it out with a knife and let it 
drop on this tin vessel. You hear the noise of its faU 
which tells you that the water has been solidified. 

In all the experiments in which we have maintainecl 
an electric current, you have noticed that there is a close(3 
conducting circuit, and in the course of this circuit ther 
are one or more sources of electromotive force, and a cui 



3nt passes round the circuit only when thu sum of 
l^ctromotive forcea tending to ciius*^ n cnnvnt in one 
irect.ion round the circuit is greal:«r than the sum of those 
dting the opposite way. 

The force of grasitv is something which canaen mntlon 
B tends to cause motion in !i niass, It caiiaeH motion 
lili^ii a fltooe is falling through air which offers but little 
stance. It teridii to cause motion (but only produces 
68ure) when a weight rests on a table. The tahlw 
a reaistance to the motion of the mass. If tlie table 
made of putty this resistance would be ranch less 
4 some motion would take place. So also our electro- 
B force causes motion or tends to cause motion of the 
I condition. It causes motion when an electric 
fcis flowing through a metallic circuit wh'ch offers 
ttle resistance. It tends to cause motion (but only 
[poduces strain) when the circuit is interrupted by an 
fiiBulator like air. The air offers a resistance to the motion 
i:«fthe electrified condition. If the air were replaced by 
Water or a solation of sulphate of copper, the resistance 
^Trodld be much less and some motion of the electrical 
I wndition would take phice. 

It would appear then that the intensity of the current 
I circulating in any conducting circuit depends upon the 
■ 8nm of the electromotive forces in the circuit and on the 
enm of the resistances in the circuit. The greater the 
electromotive force the greater the current, the greater the 
' ftsistance the less the current 

But the resistance of a conductor depends on its 
ffitnensious as well as on its material. The greater its 
length the greater is the resistance. The greater its 

IKotional area the less is the resistance. I have here a 
lottery with a definite electromotive force. I connect its 
tenninals with the two ends of a thread of carbon • 
The ei"->>"" oflers a certain resistaiW 
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determines the strength of current through it. You sec 
the evidence of a considerable current in the intense in- 
candescence of the carbon heated by it. I now make the 
carbon thread twice as long by connecting two lamps in 
series. The resistance of the battery and conducting wires 
is very small, so that I have now doubled the resistance of 
the circuit and you see the effect of having only half the 
current. The carbon tlireads are only a dull-red owing to 
the feebler current. 

But if my conductors be of equal length and the same 
material, the thickest one has the least resistance and 
allows most current to flow if both are influenced by the 
same difference of electrical potential at the ' two ends. 
Here I have two platinum wires of equal length, but of 
different diameters, suspended horizontally, and con- 
nected at their two ends, w^here they are attached by 
wires to the battery. Now the thick wire glows brightly 
and the thin one is barely luminous. Clearly there is 
more current passing through the thick wire. Its resist- 
ance is less. 

In many applications of electricity a battery is part of. 
the circuit, and the resistance of the battery is part of the 
resistance of the circuit. Clearly this resistance is 
diminished by bringing the plates closer together and by 
increasing the surface of the plates. Here I have a zinc 
and copper cell connected to the galvanometer which we 
used before. I have the zinc plate fully immersed, and 
the copper plate just dipping in the acidulated water, and 
you see we have a deflection on the galvanometer of 45 
degrees. Now I can vary the conditions of the experi- 
ment by varying the resistance of the battery. I lower 
the copper plate into the liquid, and so increase the 
sectional area of liquid through which the current passes, 
and as I do so the deflection of the index of the galvano- 
meter immediately increases ; and now the index is per 
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sntly deflected quite to the end of the scale, showing theH 
3 in resistance and the increase in cnrreut. In thdm 
same way, if I bring the plates nearer together, the resiafc-^ 
Mice is less, and consequently we get a greater deflection.-H 

You see that the resistance of the liquid of the batterj^B 
depends on the distance the current has to go through 1^9 
Aad on the section of the liquid traversed by the cnrrenfaH 
I will pursue the experiment one step further to show yodfl 
how the resistance is affected by the constitution of th^l 
liquid. Here I have a cell exactly like the one we haveB 
l*en using, except that it contains pure distilled water, ■ 
The zinc and copper plates are quite clean. They are con-"* 
lected with the galvanometer. I immerse them fully intoa 
^e liquid, but the movement of the galvanometer is veryB 
ilight. The resistance of distilled water is very great indeed. I 
Now I put in a single crystal of common salt weighing* 
«rless than a grain, and stir it to dissolve it. Now yon I 
*W the index of the galvanometer baa moved, showing that.l 
the resistance of the liquid is diminished. I add a littl&J 
■nore salt, and the index moves to the end of the scale. M 

When a real force has acted upon a mass of matter tcj 
"et it in motion, that mass would move ou for ever in the I 
"Wue direction if no force acted upon it. When a ball is I 
lulled along the ground or even on the ice of a frozen laka I 
■t does not go on for ever, because the force of friction I 
'tops it. The force of friction between the ball and the I 
gitiund is a resistance, and the energy of motion is con- 
^rted into energy of heat, lu the case I speak of you 
•^not detect the heat, but when the energy of motion of 
« railway train is stopped by the resistance of the brake yon 
We sparks flying and you can feel that the brake is warm. 

When the electrical condition has been set into motion 
•^und a conducting circuit it would go on for ever if noj 
force acted on it. But we find in experiment that aile^l 
[W ^ectromotive force has ceased to act the current stopHfl 
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'ill*- '*!r^ '.f-i> rr->-iz.:^r *:•: zh-t current jnst as water 
orfi-i"! r-ri-rii:: - -. T-i-r n;d:- ::' a $Upr and stops it. 
'1 li'- .■I-(;r.ri'. ■: i.T-:.: :-r:.'a-r."-v Lis r-ergv. though it is not 
rlif •rirp^- <jt I:..":.- •:: niner. We know it has energy 
|j.-({iii-»- w^t kno"^ i: can do work. Xow we are as sareof 
rill- tnitli of th»i priiieipL«:r of czaserration of energy as we 
jirr jif till- law of gravity : and thar principle tells us that 
fiHTL'V cuiiiiot Ije d<*stroved. thoujjh it mav be transformed. 
WluMi t In* I'lfctric current ceases, its energy is not destroyed 
ImiI iM tninsforiiii'd into heat. 

If H dnrv. like gravity acts continually on a falling 

Mii»no ill tim same direction, the quantity of motion or 

Nplnrilv of the stone continuallv increases if there he no 

ir iMinncc. But if it be a light raindrop which is falling, 

(lip I't'sistance of tlu' air prevents it acquiring great speed, 

'\\\\\ niiTg}' continui'S to be spent in heating the air and 

I uuilrnp. If an fUrtromotive force acts continually on a 

^\«iului*ling circuit, tlu* current would goon continually in- 

V ix-a-^iuLf wt'n* it not for the resistance of the circuit, which 

I'sxouiN tilt' cunvnt accjuiring great intensity, and euergr 

v,"iiiuui'M ti> l)e spent in heating the conducting circuit. 

Ill ;ill rvperinieuts with electric currents we have con- 

. i' v\ ivliMM-e of the transformation of electrical into heat 

_ N I roiiM not show you a lu^tter example than the 

.1 ilUiiuiniiti(m which we have in this room at the 

■ M,i 111 every one o\* tlu^si^ glow-lamps we have 

."u-Uiilioii of tlit^ eonversion of electricitv into 

.11 ual resistanee oC t lu»se glow-lamps is very 

I u^^i^l'ly the ^vhole of the electrical energy 

■ ■ -J \\\ the lamps is shown to us by the 

«■ I iw^ed liardlv tell vou that heat and 

. ." ilisolutely identical except in colour. 

.»t" a carbon wire bent into a loop- 

... :i. .1 u» i)latinum wires which are 

. , m the ijlass gh lib which 

i 
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contains the carbon wire. These platinum wires form the 
terminals of the lamp and are. attached to tha source of 
electromotive force which we are using, it may be a battery 
or a dynamo machine. The g-lasa round the platinnm is 
melted round it so as to mate an airtight connection. 
Platinum is used instead of another metal, because after 
heating the glass and platinum contract to the same extent 
on cooling. Hence there is no tendency to crack the glass. 
Copper wires would contract much more than the glass 
and BO they would strain and crack the glass. The glass 





Fig. 15ii. — Glow-lamp. Fig. \jh. — Lamp-holder, 



*mb ia exhausted of air by means of a very perfect air-pamp. 
'Oia prevents heat from being wasted in setting up con- 
^^*tiou currents in the air. It also prevents the wasting 
"* the carbon wire by the friction of the air-currents. 

When a lamp has been thus prepared its resistance is 
BftJierally high. Thus in order to pass a strong current 
'orough it we must use a hiijh electromotive force. Now 
We have already found that the electromotive forces of a 
wge and small cell are the same. Thus we can get the 
•^'gh electromotive force required only by multiplying the 
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nninber of cells in our batttry ; we cannot do it by incwa* 
ing the Bizp of our cell. The highest electromotive fort* 
of uny cell in general use is about 2 volts. With the feini 
of glow-lamps generally made we require from 25 to 3" 
such cells. 

We have already seen that the resistance of a condncW 
depends on its length, its section, and its material. It so* 
depends upon the t^eraperature. All the nietala becoiBfl 
worse conductors when we raise their temperature. °^ 
other bodies become better conductors. I believe thattlii* 
law is universal, and is the most simple definition todistiD- 
guiah between metals and non-metals. Carbon is a gix* 
conductor, almost as good as the metals, but it is not a wew 
Its resistance diminiBhes with increase of temperature- 

To illustrate this law with respect, to metals, I lls'S 
here a pla,tinnm wire stretched liorizon tally, and I el^ 
pass an electric current through it so as to make it incsi) 
descent. Part of the wire is straight and another p^xt 
is coiled into a spiral. I shall place a spirit lamp nnder- 
neath the coiled part, thus increasing the temperature 
and the resistance. Hence the electric current will ■* 
diminished, and what I want you to notice is that tn* 
current is diminished as shown by the diminution of gl"* 
in the straight part of the wire. I now apply the lamp- 
Yon all see how the brightness has diminished in the straigl" 
part of the wire. I will now show you the reverse of tbw 
effect. I bring a block of ice on to the coiled part of ti^ 
platinum. This cools it and diminishes the resistance 
the circuit. Thus the current increases and yon 
that so soon as I apply the ice to the spiral the si 
wire shines brighter. 

Many of yon have followed those researches of philfl| 
sophers which have laid the foundations of the dynanii' 
theory of heat, a theory which is one of the gram 
scientiiic achievements of the present century. Yc«i 
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are that the heat in anrthing consists of a motion of ita 
lecules, and tliat at a temperature of 273° centigradsj 
uw zero all molecules are at rest ; there is no heat t 
have an ab&olute zero of temperature. This zero haoM 
er been quite reached, but means have lately beenl 
ised for lowering the temperature of bodies to withiQV 
of this absolute zero. Now it is a remarkable facw 
id from experiment that most of the pure metals havJ 
electrical resistance which is almost exactly proportional 
:lie t.emperitt.iu-B measured from this absolute, zero orfl 




le lamp LsappiLtd, 

poentigrade. Experiments have lately been made oa.l 
metals At these low temperatures and the resistance I 
been thus reduced to one quarter of its value at ordi- ■ 
y temperatures, and we have every justification in as- I 
ling that the metals at 373° centigrade are perfect 1 
ductors of electricity, A current once started in them. I 
lid go oil for ever if no new electromotive force acta, I 
ice it is very probable that the atoms themselves are J 
Feet conductors, and that the niaaa owes its resistance in fl 
|e wa; to the motions of its parts. J 
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I Lfivr said that the resistance of non-metals diminisl 
-a::*: :r.orvase oi temperature. Here I have a long i\ 
w::-. i^rks in ihe two ends. It is fhll of a solntioii of 8 
jiiutc- '.•: o: pper. Platinum wires pass through the co: 
r»::d are c-.-niiroted with a battery, A galvanometer ia 
cirouii :•:• show the strength of the current. You see 
iy.-Irx is r.ow alvut twenty degrees from the position 
re^:. I ::ow warm the solution with a lamp and you see 
iirneoTion of the index increasing : now it nearly reac, 
t::e end of the scale. The resistance of the solution 
lv-j-:i diminished bv heat. 

Water on freezing becomes a high-class insulal 
M.'St salts are insulators but become conductors wl 
fused. Xo substance is known which is a good insult 
at a briirht red heat. 

The are lamp gives us again a beautiful illustratioi 
tlie conversion of electrical energy- into heat. It cons 
f s sent i ally of two rods of carbon each connected by a ^ 
with one end of a series of twentv-five cells of a batt 
The ix^ints of the two carbons are first brought into < 
tact. I have now an image of them thrown on the scr 
Tlie current passes and heats the points to redness. 1 
are now separated by a distance of about a twentiet 
an inch which is niaornified on the screen. The ai 
contact with the red hot carbons is now heated so as 1 
a partial conductor. The current passes across this s 
hut exptn'ieiices considerable resistance. A greater h( 
developed, and you see the intense whiteness of the ca 
points. The lamp is furnished with an automatic a 
ance so that when the carbons touch and a current pt 
this current is made to separate the carbons by a i 
space. The oxygen of the air consumes the two poleg 
oxygen being a material which attacks a positively ele 
fied body most readily, the carbon connected with 
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other. The positive carbon is the lowest one on the ecreen, 
but the upper one in reality because the image on the 
screen h inverted. Yon can also notice on the screen the 
falue heat-ed air between the cnrbons. This heated air is a 
conductor carrying the current. Further you can see 
particles of carbon being repelled from the positive pole 
snd sticking to the negative one. This transference of 
electrified particles is equivaient to an electric current. 
Yon also see impurities in the carbon, such as silicon, 
melted into globules, I should like while we have this so 
wautifully clear on the screen to show you the action of a 
magnet on an electric current. Mr. Daven]jort will intro- 
duce a magnet close to the luminous arc, and now you can 
Bee two things on the screen. You see how the bine heated 
air carrj-ing the current ia deflected into a bow to the left 
of the carbons. Yon also see a new behaviour of the posi- 
^^ely electrified carbon particles which were moving across 
"Otnthe positive to the negative carbon. I have said that 
™eyin their motion are equivalent to a conductor cairying 
* current and you see that they also are deflected to the 
left of the carbons. Finally yon notice that while the 
"pper or negative carbon is rounded, the iower or positive 
^^ is hollowed into a crater owing to the number of par- 
tielea which fly from it. This part ia the position of most 
^vid white incandescence. The temperature of this crater 
^ tile highest temperature that we are able to produce by 
^y means. In this crater, gold, platinum and every solid 
(8 melted or evaporated. By placing the salts or oxides of 
"^iBtals in this crater the moat refractory substances are 
'leoomposed and in this way the valuable metal aluminium 
**ii be extracted from its chloride or oxide which can easily 
™ procured, and this is now actually being done on a com- 
"icrcial scale in America. 

In the arc lamp as usually constructed the wearing 
*way of the two carbons is compensated by a mechanical 
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feird of the upper carlxin alone if the lamp is used only fur 
giving general illumination. \Vlieu used with the lantern 
or in lighthouses the light must always be in tiie opticnl 
tbcus of the condenser lena and both carbons must be ad- 
vanced, one about twice as quickly as the other if tlifi 
carbon rods are of equal eize. This mechanical feed is 
started by an electrical action which occurs when the re- 
sistance of the air becomes too great by the increased dis- 
tance between the carbon points. 

I will conclude this lecture by showing you that a 




L galvanic cell creates a difference of electric potential. H^*^ 
^ie the electrometer which we used in the last lecture, cof^" 
ieting of a freely suspended horizontal needle and fo""^ 
letal qnadrante, opposite pairs being connected by wif^' i 
[ have electrified the suspended needle positively. Tl*^'j 
irst and third quadrants are connected by wire with tl*^ fl 
lane of our cell, the second and fourth with the coppef' ) 

Is no closed conducting circuit and consequently W^ 
lave no current. But you observe a deflection of the apO* 
WUf light reflected from a mirror which is supported hy fh^ 
This .indicates a, motion of the needle wbeo. ji] 
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Inints are connected witli tke battery, and as you know 

the last lectare this means that there is a difference 

itentia! between the wires connected to the two poles 

cell of the same character as the difference of poten- 

which esiats between sealing-wax and flannel after 

rubbed. I now connect the terminals of the cell by 

of high resistance. The deflection of the light spot 

showing a smaller difference of potential between the 

iinals of the cell. I inseit a very small resistance, a short 

let wire between the terminals of the cell, and the light 

■^Iwt is hardly at all deflected. The difference of potentials 

18 reduced almost to nothing. I need not tell you that 

'ne electromotive force of the battery does not change. 

Our unit of resistance is an ohm. Roughly speaking, a 
™oe fall of mercury one metre long, and a sqnare milli- 
'oetre section has an ohm of resistance ; a copper wire of the 
^^We section and sixty times as long has a resistance of one 
ohm ; a copper wire ^ inch diameter and one mile long is 
^ooat one ohm. The resistance of the fine carbon wire in 
these glow lamps ia about 130 ohms when incandescent 
^^d about twice as much when cold. The resistance of the 
*''c lamp I have been using is equivalent to about 2 to 6 
°bms. It varies with the strength of current and with 
"'"' distance between the carbon points. A mile of tele- 
B''tph wire (iron) has about nine ohms resistance. 

When 1 have a wire of an ohm resistance and keep its 
**o ends by means of a battery at a difference of potential 
"f One volt there is a current of unit strength in the wire, 
■'^"ia unit of current is called ar. ampi^ve. Each of these 
8'ow lamps when fully bright has a current of about | of 
^ ampere. The arc lamp has a current varying from 8 
t" 25 amperes. Telegraph instruments work well with & 
'direct of YoVo ampfre and even less, 200 amperes of 
Current passing through a copper solution deposit a!>oiit 
ft pound of copper per hour. 
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LECTURE III. 

MAGNETISM. 

t '*i vN K iurompttvl in two preceding lectures to show yoD 

^ '"v* of rUo means at our disposal for creating in space 

' ■ I" v^uiw vn* onerirv which we call electromotive force. I 

^ ■ ;'.ii\t' 11 Uo b»vn able to studv some of the different 

"'»- "..^vu'iui which are produced according as the electro- 

'■■ ':-.\o fi>i\v has or has not a conducting circuit through 

^^ '"- -^ ir van act. Thus we have begun to be familiar with 

v' '''v-vinal and chemical modifications which different 

^i'^ v*t* a conductincr circuit may experience when an 

' ^ -.• ounvnt is established in it. We have learnt some- 

; ^N iK'u we realise that a positive conductor attracts 

'^^ ivU li vuie of the constituents of a chemical compound 

» *^ v'\\ o>ni and chlorine, and that a negative conductor 

^ :*^' iiietallie constituents of liquid solutions. V^ 

: ^1 MMue steps in our journey when we grasp the 
'.* v'lu'mioal energy- used up in a galvanic celli* 
A^ v'\\*triv*al enertrv and that the whole of this 
..^ \^ ^\*pi\Hluoed in th(* form of heat energy in 
>: vvvuit. Wo have learnt something when 
l\\ experiment to accept the fact that 
»vMf ivui is in a stable condition or whether 
• ^ Unuir continuouslv relieved bv con- 
/ x^'^os a manifestation of one single 
N\ ^^•^v to a limited number of very 
^.xx ^^i^^*tivo force '^' ' " Hed in the 
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space between a piece of glass and silk that have been 
rnbhed together is of tbe same character as that established 
between the termiuala of a galvanic cell. The discharge 
of the Wimshuret machine is identical in character with 
the current from a battery. 

To-day we shall spend an hour together among the 
phenomena of magnetism, and we shall find strong reasons 
for believing that here also we are dealing only with 
Mother manifestation of the same electrical energy. The 
most complete developments of the theoiy of magnetism 
go ^ to prove that magnetism is dne simply and solely to 
the existence of a large number of sniall electric currents 
*n the molecules of iron, &c. 

The facta in connection with magnetism with which 
PWple are best acquainted have relation io terrestrial 
iSaguetisni. A magnet is generally a bar of steel which 
W been subjected to a certain process so as to give it 
piflperties in addition to those ordinarily possessed by 
steel. When I balance this steel Toagnet on a pivot at 
Its middle you see that it takes up a position which roughly 
Speaking is north and south. I disturb it from its position 
"f equilibrium but it always returns to point in the same 
erection. Natnral magnets called lode-stones are often 
'Ound possessing this property. The metals iron, nickel, 
•^balt, can be endowed with this property, and the oxides 
"Jf these metals and a few other substances to a much more 
"inited extent. Magnetic phenomena are chiefly known 
•lOwever in relation to iron and steel. The term steel is 
applied to iron having a certain quantity of carbon mixed 
"^th it. When the proportion of carbon is still greater 
tlie taaterial is known by the name cast iron. Nearly pure 
•Wn, called wrought iron or malleable iron, is more ductile 
ftad pliable than steel or cast iron which are more or less 
tirittle. It is said to be softer and it requires a higlier 
*«nperatnre to melt it. 
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There is iiuother peculiimty about a magnet whfu 
freely Buspended by its centre of gravity. The endwhicli 
points to ihe north also dips downwards at a grent anfflfi 
uljout 70' lis you see in the case of this magnet, suspeniitid 
at its centre of gravity, which is free to rotate about a hiwi- 
zontat axis lying east and west. The amount of this dip 
depends on our geographical position ; in higher latitudes 
it is more nearly vertical, as we approach the equator itiies 




Fio 1 D pp ng ntedle 
more nenrlj hoitzcntal These phenomena aie all d 
magnetic condition of the earth. 

The com pass- needle does not point exactly nortlt ft 
Bonth in this country, but 20° west of north. This d 
tion is spoiien of as the magnetic meridian. The actioiS 
of the earth on a magnet in this country then tries to p 
it in a vertical plane inclined 2l)° to the west of north, a; 
to make it dip at an angle of 70° to the horizon. 

I have here two magnets suspended on pivots. If 
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» white wafer on the north end of each. I now lift one of ■ 
fthem off its pivot anil bring it near to the other magneB." B 
Vou see that they exert an influence upon eath other;. B 
When I bring the north ends together repnlsion tabeiH 
place, the same happens with the south ends, but the I 
forth end of one attracts the south end of the other. .1 
rhose ends of magnets similarly magnetised repel, thoadj 
that are dissimilarly magnetised attract. H 

When I place the suspended magnet in different posi- 1 
tlona with respect to the other maf^net it takes up different 
positions. All the principal phenomena of terrestrial 
iBsgnetisra are explained by supposing a short powerful 
Qiagnet at the centre of the earth with that end which we J 
^ north-seeking pointing to the south and vice versd. I 

Wb are never able to find a magnetised body whickl 
has only one pole, north- or south-seeking. The twoB 
l^lposite conditions always exist to an equal extent in anyS 
tHagnetised mass. A steel bar, long and thin, retains its' a 
ttiagnetisation well, but can lose it when subjected to I 
violent blows. This is the first evidence we detect of a con- 1 
"ectJon between magnetic and purely mechanical actions, fl 

Here I have a long strip of steel, I draw the north end fl 
of amagnet along it a few times always stroking it in thai 
Same direction. The strip is now magnetised. The end ' 
St which I began the stroke is a north end, the other is a 
south end. "i'on see this when I bring the two ends to 
tile suspended magnet. You might imagine that one half . 
rfthe steel strip had a tendency to point to the north and-J 
•Jie other half to the south. This notion is quickly difr-J 
Pellecl. I break my strip of magnetised steel in the middlel 
ttd each half has now got a north and a south end as you \ 
•Won testing it. By continuing this we may break up the ■ 
"trip into quite a number of little pieces, but each one has ' 
its north and south end. It is not unreasonable to suppose 
,^t, if it could be broken so small that we reached the 
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molecule of irou, this also would be a complete magnet wit 
a north and south end. Such a view could not be accepta 
on such evidence alone, but we shall find many facts a' 
tending to the same conclusion. 

According to this view a bar is magnetised when il 
magnetic molecules all point in the same directions 
Conceive a compass-needle placed anywhere in thevicini^ 
of a magnet composed of such molecules all pointing iuoM 
direction. The needle is acted upon by the ends of eadi 
molecule and one end is generally nearer to it than tbS; 
other. Repulsion takes place between this end and da 
similar pole of the needle, and attraction between it and ths 
dissimilar pole. This action of a single molecule ia w 
but the result of all the actions of all the molecules will b 
found to be the same as what at first sight seemed the m 



likely view, namely, that all the magnetic proi>ert.ies were 
concentrated in the two ends. 

A little time ago you saw me make a atrip of steel into 
a magnet by stroking it with the north end of a magne 
always in one direction. If this action took place 
magnetic molecules it would certainly tend to pull allthea 
south ends in that direction and so to convert it into a msg* 
net. Nevertheless we could never be justified in supposini 
this turning round of the molecules of iron to be a reality 
without further proof I think you will agree with 
sently that there are grounds for looking upon this view 
being extremely probable. I would not trouble you wi' 
these hypothetical views were it not that the concepti( 
helps us amazingly in understanding magnetism and i 
case has yet been discovered where we should be led 
erroneous conclusions by adopting it. 
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TStme give you an illnstratiOQ by showing you another j 
ithod of conveitiQc; a bai of steel into a magnet. We I 
ve already found that the earth's magnetism acta in a ] 
me 20° west of nortli and dipping at an angle of 70° ] 
the horizon. Here I have a wooden wedge answering 1 
,ese conditions ind fixed to the floor. I lay a bar of steel ] 
lit so as to lie m the line of the earth's magnetic dip. ] 
lie earth's magnetism is now trying to move all the mag- 1 
ftic molecules in one direction, but the molecules decline to 
im until I now set them into violent motion mechanically 
J blows from a heavy hammer. The bottom eud ought 
ow to be a. north end. I bring it near the north end of a 
aspended magnet and repulsion t^akes place as we should , 
spect. I will now confirm this proof by reversing the bar 1 
1 the wedge-stand so that the north end is uppermost. I 1 
■rite it balf-a-dozen times with the hammer, I test it I 
?ain with the suspended magnet and the end which before I 
■as north is now south. 1 

I will now describe to you an experiment by von Beetz 
iieh also supports the view of the magnetic nature of iran I 
lolecules. Powerful magnets are often made in the shape ' 
f a horae-shoe like the one I hold in my hand. The 
lagnetic field between the two poles is very intense. Von 
^etz plnced such a magnet in the solution of a salt of iron. 
Ee then applied an electric current in the manner shown 
ta copper solution in the last lecture, so that iron wasde- ' 
oaited out of the solution on a thin line between the poles, 
tere each molecule aa it was deposited was subjected to a 
oweriul directive force and thus all the molecules were de- j 
OBited with their axes in the same direction, and a minute j 
ia|i;nBt was the result, which was more powerful for its size i 
lan any which has ever been produced by other means. 

I will now read to you the views of Dr. Scoresby about ] 
le theory of magnetic molecules, published in 1824. 1 
L&ec describing some experiments of his own, he says :-' J 
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' All the preceding experiments, it appears to me, tpnd M 
illustrate the probable manner of the action of the ma^ 
particles in a magnetiaed body, eiwh little maguet made of 
being supposed to represent a single particle ; and they, in- 
particular manner, paint out how the individual tnagntitiui 
of each particle, when duly arranged, contribute to the tt 
effect. If this be the case, the action of a magnet in ii 
veloping the magnetic properties of any ferruginous lioi^ 
simply consists in giving arrangement to the magnetic p 
tides. And the manner in which this is accomplished is 
conceive, very well illustrated by the experiment I shall iH 
describe. 

' Let there be several small magnetic needles (thos 
were an inch in length) with a small stand of brass for M 
holding a fine point, on which the needle may I 
Arrange them in a row on an east and west line, and at it 
a, distance from each other that, when the needles are in oti 
and forming a continuous line, their extremities may 
aboot the fiftieth of an inch asunder. In this conditt 
they will be easily arranged (if they do it not spontaneo 
in a regular series, with all their north poles one way, «Il 
red as representing the particles of 
a state to afford a striking illustra^' 
■ of action of a strong i 
small magnetisable body. For, on passing the north pole ( 
bar magnet over the series, beginning at the south end off 
row, and carrying the magnet at an inch or two elevat 
above the needles, according to its strength, in a gni 
a. little beyond the other end of the s 
i will, in succession, turn round, and finally arntj 
themselves with their poles in the opposite direction to ti 
they had at tlie commencement. Now, this effect reseuj 
the change of poles pi'oduced in a weak magnet, by pMJ 
along it the pole of a strong magnet, for in both c 
order of the poles is analogous, the pole where the opersit 
teiininates being the reverse of the denomination of the [ 
passed over. And, in like manner, commencing with 
needles in disorder, which resembles the condition of a 
mtbgnetiaed piece of iron^ the mere ju^^tsposition of ww 
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MAGN'ETISNf 69 

of u magnet, or the passing across it of a single pole, arranges 
the series in a magnetical order, illustrating the development 
of the previously neutralised magnetic principle. But, be- 
nd^ these resemblances, the principles exhibited by these 
. experiments may be applied to the explanation of the various 
processes for magnetising iron, and of several phenomena con- 
aected with the mysterious agent in question, which have been 
SHieraily considered as dilticiilt and obscure.' 

There is, as I have said, a mech-anical diiference betw 
steel or cast iron and wrought or soft iron. The former is -1 
brittle, the latter ductile. The meaning of this is that i 
wrought iron the molecules can change their positiona 
more easily than in steel. This property can be shown 
DagBetically. In the neigh hourhootl of the north end of 
our suspended magnet I hold an iron poker vertically. This 
poter is made of wi-ought iron. It is subjected to the 
Bflgnetic force of the earth and all its molecules turn with 
tieir north ends downwards. The consequence is as you see 
Ijat the point of the poker which is downwards is a north 
i end and repels the north end of the magnet, while the 
! handle attracts it. The handle then while at the top is a 
south pole ; and this result is produced without any of the 
blows required by the steel. Now I will show yon a 
remarkable experiment. The handle being uppermost now 
^tracts the north end of the magnet. I keep the handle at 
the same point of space but invert the poker, and you see 
repulsion take place. This shows that the soft iron mole- 
cules move fi-eely in obedience to the earth's magnetism and 
"lelower end is always the north end. This does nothappen 
*ith a hard brittle rod of cast iron. You see that there is 
» slight attraction sliown by this end of it, whether it be the 
"pper or the lower end. I will finally give both the poker 
Mid the cast iron bar a violent blow with a heavy hammer, 
ftnd yon will observe the mechanical effect. There, you see 
_ that the poker is but showing that its molecules can freely 
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change their relative positions. It is twisted. Now let us 
try the bar of cast iron. You see it is broken by the blow. 
The molecules are not free to change their positions. 

You have just seen that a piece of iron or steel when 
placed in a magnetic field, that is, a part of space subject to 
magnetic influence, can be converted into a magnet. 

The soft iron is thus easily magnetised and loses its 
magnetism when it is removed from the magnetic field. 






Fig. 3. — Attraction of a north pole by the upper, and repulsion by 

the lower end of a soft iron poker. 

Steel requires mechanical blows to be fully acted on ^ 
a change of magnetic field. 

The magnetic field which was used in these expei'^ 
ments was that due to terrestrial magnetism; but '^^ 
have the means of producing far more powerful fields tb^^ 
that. It is found that when an insulated wire is coil^* 
into the form of a hollow cylinder, an intense magnetic 
field is produced in the inside of the cylinder when an el^p 
trie current is established in the wire of the cylindrical coi^ 

Here I have such a cylinder and a battery of galvan^^ 



ills whicli will ennbli? me to gi'f a pnwiTftil cli'dric 
nrent. An iron poker ia placed insidt" the cyliiidtr; 
b end has no attraction, as you see. for the lurgo nails 1 
uve in my hand. I low establish a current iu the wiro 
|[ the cylinder. The poker is now intensely ma^ietiswi. 
f-oa see it supports iron nails at ita enda. 

This experiment suggests a naturtil queslion. Why 
toes a magnet attract an iron nail and give to it the powi>r 
rf attracting others? The answer ia not difficult. The 
nagnettsed poker creates a magnetic field in ita neighbour- 




tood. When a nail ia placed there it becomes magnetised 
with a north and a south end. The north pole of the mag- 
net attracts the south of the nail, and vice v^rsd. So soon 
as the nail touches the end of the poker it ia iflf jt much 
stronger iield tlian before, and becomes ao strongly mag^ 
netiaed t.hat it can in turn support other nails, and ho on. 
Tiis ia the simple reason why a magnet attracts a piece 
of iron. It first magnetises it by induction, and then the 
*Wo magnets act npon each other in the usual manner. 

When we convert a piece of iron into a magnet by 
placing it, as I have seen done, in a magnetic field produced 
"J an electric cnrrent, we say that the iron is an electro- 
magnet. This power that we possess of giviog to ir on or 
Wtiag from it the •^"■^etic property, simply by com 
ot breaking the i ^ circuit fixim a batter^t f 
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-I - £r«fc-T-=- zci^rnrsl iz^Tkrcxauce, and it cannot be withonfc! 
.Tr'^s- -■ ^.TOfcsrizsi iri* action a little more fully. 
r!:-: I rii"f i -z^i-rirrr:! f-L-ecr^Mnapnet made of the softeflt 
t^: "-^ -i irr. Tl-r irrc: i« shaped like the letter U. Its 
fr-.'T-.iT. :> i,:«:cT rw; i-ri-es- arid the length of each arm is 
s-.'.r.z- \ .r.::i>e> , :*: :* vv-iltii with insulated cx)pper wire, 
' : t.-- i-'s: £ iiT TOf*,-*? :-: i?:'!! with a handle. I lay it 
-• "i^r ■:*:■'':< :: T'r.r fJT"."-rr:'r3a5Tiet, and you see there is 
r- .' "Tsc-- '. 7. vr.A:-. -f r : ir is zot magnetised at all, but so 
> '-c. ij. 1 .-•;.rrj:\-: :J:*r f--is of the copper wire with the 
:;'•-■- ::-.<.'.> ,i: ir. rv^r^'rlr hsTTfrTT. voa see that it is attracted 
- - : iT^,*: r'.-r--*: At :":iis iL::iiient the flat iron keeper (as 
:: > r-f"";v. -^s's T.'.v :- :!:- T^:*e, and you see that I must 

-.•^.r: t: pull it away. I disconnect the 
.-. ,1 :*: ; 'x^•;ye^ fi7.< o?. The magnetic condition 
N;-^ I &':rr The experiment by placing 
::;' *x;\*.yr .- -:? V»;:>. tv'^-s ; passing the electric current 
:.-•- ,:^.- :'. ;• ,• vvnr -v-.r: T::e tVroe of attraction is now 
:■.. TV. ;,:<-. ^r:,;:-.T. '. v^r.:::: pull the keeper from the 
V. /. ^ V ; : A ; -; V. : \ ; TT luc u". V uTiu :.sT sTTengTh. The electric 
,-.:r:^v.: i\-:r:> ii A^ ?::::<;• vowcr rrvir.gto magnetise a mag- 
v.- :.:;■/.. V vVv..v.:.v.Ui: .irv.:ir wuioh otfers some resistance 
:; *;>".v.c u:s^u..::>:v.. 1:' we V.ave a complete iron circuit, 
;:> iv. :V.o l:'s<: oxivr.:ro:.:, :V.o res^istanoe to magnetisation 
:< >::*-:».*. ar.d :::e r.u\irv.o::>:»::o:i is enormous. In the first 
oxjvvir.ion: :::e :uacuo::o o:rv*uir was composed partly of 
:iir, wluoh ot^oi-s irroar n^sistaiuv to magnetisation, and 
<o WO had muoh tooblor mairut^tisation. This resembles 
olosoly the phenvMiiona of an electric circuit. A battery 
exerts a power tr^'iiig to set up a current. The conducting 
circuit otters some ivsistance, and the current is stronger 
in prop^ntion as the resistance is less. There is this dif- 
ference however. The electric circuit can be broken and 
the parts separated by an insulator, in which case no 
current passes. There is no such thin*" i insulator 
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InagTietism ; all materials except iron, nickri, and cobalt 
e liad magiuetic conductors, but tlie worst uf tbfin is only 
■two or three thousand times worse tlian thv bpst iron. 
■WUereas among electric conductors, if we excliidt* the 
metals and carbon, all other materials are millions uf times 
iTOTse conductors, and many are billions of billions of 
tUn<^ worse tban copper or silver. 

Oor el€*ctrom»gnet is now holding the keeper firmly 
ftttached. I remember some fourteen years ago when I 
was showing this electromagnet, which was a new acqni- 
ration, to the students in my class at Glasgow, I told them 
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t on breaking the electric circuit the magnetism would 
iappear. I proceeded to do so, but the keeper was held 
a with enormous force. This was my first acquaintance 
with what has since been called magnetic hysteresis. 
The phenomenon is most marked when as in this case we 
have a complete circnit of magnetically conductiug material 
like soft iron. It is then found that the influence of a 
magnetising force is not lost on the cessation of that force, 
but here again is a remarkable (act confirming what 
sad abont the ntoi ' wry of maguetism* 
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now got the whole weight nf the magnet supported bj th 
keeper, although no electric current is passing in the coil*. 
I tap the magnet gently with a hammer to set its moleciilta 
into mechanical vibration, and you see the magnetism dis- 
appears and the magnet falls from the keeper. 

People have often tried to make stronger magnets by 
talcing a bar of iron, surrounding it with coils, smtouud- 
ing the coils by an iron tube, connecting the lower end* 
of tube anrl bar with iron, and causing the keeper to toucli 
the top surface of both bar and tube. The object was to 
M" ' " ' 




utilise the magnetising power supposed to exist oatrad^ 
the coils. These people have failed because the mi 
power of a long coil of wire carrying an electric cui 
is exerted almost entirely on its inside. 

If the attempt had been made with a short coil i 
would have been quite successfal. I have suspended ova 
my head such an electromagnet which consists merely fli 
two fiat discs of iron with a circular groove between tfaeid 
in which a coil of tine insulated ropjir-r wirr lien. I ptiss" 
an electric current through it ainl -■ ■ wli-jfi* it ib 
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can su[)port.. When we look at the snjal! size of Hie magnet 
weighing about three ounces, and the considerable weight, 
over one hundred pounds, which it supports we can appre- 
ciate its great power. It is the most powerful magnet for 
Its size that could be constructed. 

I may now give you another illustration of hysteresis 
which came under my nodes in January 1883. The model 
dynamo machine before yon consists of a cylindrical bar of 
6oft iron to which I can give rapid rotation about its axis, 
■It has two coils of wire round it with a vacant space be- 
tiveen them at the middle of the bar. The coils are 
sntTonnded by a soft iron cylinder which makes a com- 
plete circuit of good magnetically conducting material. I 
pass a current through the wire coils and rotate the iron 
"w. Now, by touching the rotating bar with two ends 
of a wire, at one end and at the middle of the bar (a hole 
•>^ing made in the outer iron cylinder for this purpose), an 
electric current ia established in the wire as yon see 
indicated by the galvanometer. Now I break the electric 
"^'rcuit, but the galvanometer indicates no sensible diminu- 
tion of the current. Now here, as in all dynamo machines, 
the current depends on the intensity of magnetism, and 
"lia experiment shows that even after the magnetising 
'oTCf, jg removed the magnetism remains if we have a 
Wmplete magnetic circuit of soft iron. 

The coil of insulated wire of cylindrical form which I 
■•ave shown t« you ia a convenient means of obtaining a 
'"^gnetic field whose strength can be varied by varying 
"•6 electric current in the coil. We can put an iron rod 
'ito the cylinder, and aa we increase the magnetising force 
'^ can observe the intensity of magnetisation by observing 
^hat deflection of a compass-needle is produced by one of 
™^ ends of the bar, or by observing the weight of iron 
'^tich can be supported by an end of the bar. In this 
^y it has been found that with feeble currents an increase 
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in electric current producea a corresponding increase ill 
inagnetiHation, but that this increase of magnetism is leW 
marked as the electric current is stronger, and it ItxiksveiJ 
like as if tiiere iaa limit of magnetisation never attained in 
privctice which eould not be exceeded even with an infiniM 
magnetising force.' According to the molecular hypotheM 
this state would be attained when all the molecules poit 
in the same direction. Be this as it may, it is certain tb 
after we have applied a certain magnetising force (whW 
amount depends upon the quality of the iron) the iron: 
practically saturated (as we aay) with magnetism. Th 
is equivalent to saying that the magnetic resistance of i« 
is not constant but increases with the intensity of its mBj 
netisation. With a considerable magnetisation the resi*j 
ance becomes very great indeed. Different pieces of Hi 
and steel vary considerably both in their resistance and i 
the variation of reaistance when the magnetism is increasfl 
The magnetic resistance of iron wire is largely increaw 
by streti'hing it. Here again we have another connectil 
between the mechanical and magnetical forces exhibited 1 
iron. Professor Hughes has given a striking instance 1 
this connection. Here is a strip of soft hoop iron. I dr^ 
it over the nort.h pole of a magnet. I bring it near flj 
suspended bar magnet neither of whose ends is repyllfl 
The iron strip is not magnetised except while under tj 
influence of a magnet. I now bend it like a bow and; 
put its molecules into a state of strain. I again draw 
over the north pole of a magnet. I bring it still straji 
near the suspended magnet and the two ends of the 
show repulsion and attraction on the two ends of the 
pended magnet. The soft iron retains magnetism li 
bard steel when its molecules are definitely set by< 
mechanical strain. 

' The later experiments of Ewing and Shelfonl Bidwell tlirow *! 
doubt on this point. . 
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When Faraday waa engaged in hia brilliant 
on magnetism he was accustomed to study the nature of 
magnelif induction and its direction in space by means of 
iron fiiinga. I have here a small horse-shoe magnet fas- 
tened beneath a horizontal sheet of glass— an image of 
which by the aid of the lantern and a suitable arrangement 
of mirrors I can project upon thy white screen on the wall. 
I now sprinkle iron filings from a muslin bag upon the 
glass, and you will see the direction in which they lie, 
ai^r I shake the glass. Each little piece of iron is by the 
power of the horse-shoe magnet converted temporarily into 
> little maguet. and settles itself in that direction in which 
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'<*- 7— L]ne9 offeree round horse shoe magnet shono bi iron filings. 

'"6 magnetic influence of the horse-shoe is acting at that 
t*'tlt in space, and then the hlings foini strings of little 
""Hgnets end to end along the line of induution Tiou see 
^'stinctU now those beautiful curves connecting the poles 
"Hich come out more clearly when I tap the glass gently 
^ as to allow the tilings to settle in their proper du-ections. 
^Ow you will obseive that there is alwajs a tendency for 
*"6 lines of filings to go from one end of the horse-shoe to 
***e other. There is comparatively little magnetic power 
Exhibited at other parts of the magnet but only at its ends. 
■^g&in if you will think for a moment on the molecular 
JSpotheais which I have sketched for you, these lines of 
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magnetic filiriij^s will appear to you simply a§ a conlinna-l 
tion of t.hi> lines of molecules supposed to lie end to end in] 
the intt^riDr of the magnet. Faraday supposed that erenJ 
in space which we consider to be empty, magnetic induC"| 
tion is propatfated from point to point of (he ether filonf 
these lines of induction. He spoke of them as lines of 
magnetic force or magnetic lines of force. Accoi-ding w 
his view each string of molecules, placed end to end in % 
magnetised bar, when it reaches the surface of the b«, fl 
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still continued through space as a line of force, i 
lines of force are closed curves. 

Here I have the horse-shoe replaced by a sti'aight bad 
magnet. The lines of force go from pole to pole and showT 
the direction of the magnetic induction. 

A consideration of these lines of force helps us not onlfl 
to understand magnetism but also to group into c 
hensive laws a host of electro-magnetic phenomena whioB 
will be examined in another lecture. 

Faraday in his philosophical researches was continnaln 
led by electrical and ciagnetical phenomena to a belief il 



the existence of an all-pervading ether, such as had been 
already demanded by the theoiy of light. You have 
already seen in the first of these lectures he was led, pro- 
bably by considering the different velocities with which 
light is propagated in different media, to expect and to 
provQ that electrical induction also depended upon the 
niedium through which it acted, thus establishing a kind 
of similarity between the ether demanded by the theory of 
hght and that demanded by electrical theory. Clerk 
Maxwell, in his mcignum npw, which liad for its aim the 
Working out of Faraday's views into a complete and 
mathematically quantitative theory, went so far as to pra- 
posa an electro-magnetic theory of light, the most startling 
evidence in favour of which is that the velocity with which 
electrical induction takes place through empty space is the 
same as that with which light is propagated, 300,000 
kiloKietres per second. 

But Faraday, when he came to see that magnetic in- 
duction involved the existence of an ether, attempted to 
nud some connection between light and magnetism which 
Would make it probable that the same ether plays the 
•loiihle part for magnetism and for light. He succeeded 
m establishing a connection so startling that even now his 
^s^periment stands out among all magnetic phenomena as 
»^ing incomparably the most wonderful in the whole of 
™is branch of physical science. It is only an esperimen- 
™ist who can realise the long series of preliminary nn- 
^ccBBsfiil experiments, the hopes and disappointments of 
years of laborious research (true philosophical research in 
"8 best signification), it is only he who can appreciate the 
laying faith of this great man's mind in the unity of the 
physical forces which led him on, undaunted in spite of 
™lnpe8 which only served to excite him to new effort, to 
*^e final success in an experiment which was as bold in its 
ition as it was uneqoivocaL in its indications. 
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Td s)k«- y.-.-j tLis experiment I nse the lanten 
siiiin- XicilV jirisiiis wlik'li I used in the first lectu 
priHii^ ar-- ]vfii-.-(l in one line and the Inntem 
Iwiim of liirht thivn^h them t<i the screen where 
fi'i' 11 njiinil wliire :i]>ot of light. Both the pr 
iHiw i)l!it-cil so that thi-y allon- only the vertical V 
of till- I'thi-r which are the cause of luminous rad 
juiss lliniuffli them. I turn the second prism thn 
niiiiiil till- hi-am of light as an axis, Xow the v 
tr:nisniitt<'d hy the first prism are all vertical, 
si-cund )irisiu iillows only horizontal vibrations 
Thus 11(1 light can pass through both prisms and 




kiiosfi iin the screen. You see that if I couli 
dii-ivlion of vibnition of the light which ha 

.Myh Mu' lii'Ht priMui before it r.'aches the se> 

■: -..-111.' lii;Ki wmild jmss through the second i 

.:■.,,■ il,iikin'>s ii would then be iiecessan" to 

,1 )>■ !-.iii iliiMiigli u small angle about the raj 

; »..'i ill,' tHii prisms I place a TJ-shaped 

n. I I !u.\> ihnnigh each ptile, these holes 

, 1.. I'.u- K'liiii of light can pass through t 

,1 \.'\:- I I'ltiif a piece of very dense trla 

U\ , I'l'iUT than any other nut 



preseiit. moment the glass is not in a magnetic field because 
no current ia passing ronnd the electromagnet. Ail the 
ligtr. wiiicli passes through the first prism is cut off by 
tile other, and the screen is dark. I now create a magnetic 
ueld, where the glass is, by connecting the electromagnet 
*ith a batt«ry, and instantly you see light upon the screen, 
I turn the second prism throngh a small angle and again 
we have darkness. By magnetising the space occupied by 
tile glass, the direction of the ether's vibrations which con- 
Stiftite radiation has been rotated. This is a startling 
result which confirms qs in our belief in the existence of 
that ether demanded equally by the theory of light as well 
by electrical and iiiagnetical research, and which goes 
prove an identity among those physiciJ energies 
seem by their ordinary effects to he totally distinct. 
rotation of the direction of vibration of the etlier 
its propagation through, a transparent substance 
aot new. If the magnetised glass be replaced by 
so cnt that the beam of light passes along its crys- 
:aphic axis, a similar illnniination of the screen ia 
iced, due to a rotation of the direction of vibration, 
it there ia a notable difference between the two. In 
using magnetised glass it does not matter in which direc- 
tioii tbe beam passes ; the rotation is always in the same 
direction, namely, in the du'ection in which the hands of a 
*stch would rotate if the face of the watch were towards 
WB north pole of the magnet which produces the magnetic 
^i. In using quartz instead of magnetised glass the 
oireotion of rotation is different in the two cases. If 
t'lB beam after passing through the quartz is reflected 
Wet, the rotation is cancelled ; ivith the magnetised glass 
« is doubled. Some substances when magnetised rotate 
^^ direction of vibration in one direction, others in the 
opposite direction. In a film of iron thin enough to be 
*finsparent the effect is very strong. The experiment 
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proves rotation of the ether or of the molecules ii 
interior of magnetieed bodies. 

We have now seen many connections between mag 
phenomena and purely mechanical motions ; but, ev 
the risk of tiring you with the subject, I must draw 
attention to another class of phenomena attendant 
the magnetisation of iron which was first discovers 
Joule. He proved that when an iron bar is magnt 



its length is increased. It has been supposed by 
that the cause is to be found in a greater length c 
molecule of iron along its magnetic axis, so that wh 
the molecules are twisted so that their lengths all 
one way the bar is lengthened. This view ia i 
weakened by the subsequent discovery of Mr. Sh' 
Bidwell, who has confirmed Joule's discovery so 1 
moderate magnetisation is concerned. But he find; 




magnetism: 
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ID ' the magnetiaation is increased the bar ceases ttr ■ 
pand, diminishea to its natural length, aud with very I 
werful magnetiaing forces actually contracts to a con- I 
lerable extent. As to the causes of these phenomena I 
i are in darkness. But I feel confident that they are fl 
iiind to tell us a groat deal about the true physical I 
eaning of magnetism. ■ 

I consider myself fortnnafce in being able to show yon m 
ith Mr. Bidwell's asaistance the results which he has I 
itained. The apparatus used by him consists of a piece fl 
' ii'on rod fixed at the lower end, but pressing upwards fl 
1 a lever. The long arm of that lever acts upon a mirror ■ 
ating on a pivot, so that if the iron rod lengthens it turns I 
le mirror about a horiKontal axis. Tlie lime-light in the I 
■Btem throws a beam of light upon the mirror which is ■ 
'fleeted from it, and after crossing the whole length of % 
lifi room strikes a scale on the wall. If the iron bar M 
lOrtens the spot of light will rise on the wall, if it I 
ngtbens the light-spot will sink. I commence now with I 
feeble magnetising power. On the scale yon see a black 1 
ne crossing the spot of light, Ifc is the image of a wire I 
* the lantern, and by watching it you will know whether I 
le hon lengthens or contracts. The iron rod is contained I 
1 a helix of insulated copper wire, through which I now 1 
Mb a feeble electric current. Now the iron is feebly I 
i^etised, you see a descent of the black line on the J 
^ip, indicating that the iron has expanded in length. I 
M motion of the line is about 1^ inches. I now ask I 
fr. Bidwell to increase the electric current and so produce I 

very intense magnetisation. There, you see the linei 
™ilg', indicating a very considerable contraction of the I 
WU rod. J 

Finally, as we have this experiment arranged, I will I 
"OW you the effect upon another magnetic metal — nickel, 4 
«rc^ou notice that even with feeble currents we alwa^jj 
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; . ^''^■•■. T^y-^s:-. :j.v ::. : '-..a: :_r :i:a^::rT:c molecule J 
5.:yy« >:•-. ■; .•: .: r:>v..:> :r::.*. :l:v re-sc-Aroiies of Ainp^^ 
* "; . . ■ :. : . r : .: :iT :.:•:: t . : : .: ? tv v. " .-. : : < Mk r a ma jjiiet . If ^ 
jiv. <;.yy':>-: :..-: ".".it-.t"..-.. .: -w...."^ i^:: iron molecule ■ 
.•^•"■.V'.fL-.i :: l>> :. v-.-r:-:: .- r.i.i^T.r ::' eleetricitY. then a 
•: .:v::t.: v ,:r>:v.: ::::•:• 5::\r:vi ::. :r wvu-d jro on for eve 
A.v.r^^.v.i: :o :':::> v:r's\~ :::e r.ixeou'es ot* iron were creat< 
w;:':: c.v-vtr:^* oi::Te":< ::: : her.:, which exist now and will ex- 
:Vr ever. You must si:ro:v have l>een struck bv the facili 
with which magnetic plienomena are accounted for bv su 
p^^singrhe molecule of iron to be a little nmoriiet; but it m 



have seemed to vou like shifting the 
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for is it not as difficult to explain the magnetism of the 
molecule as of the mass ? Onoe we see that the magnetic 
properties of the molecule are explicable by well-known 
agencies, the atmosphere becomes clearer andwe are one step 
msrer to an explanation of the unity of the physical forces. 
I will now show yon that a circular current acts like 
amagnet. Here I have a coil of wire the two ends of which 
are attached, one to a piece of copper, the other to a piece 
of line, These pass through a cork which floats upon 
acidulated water in this glass-dish (fig. 11). A current of 
electricity is thus establialied in. the coils. You notice that 
the axis of the coil rests in the magnetic meridian. It 
poiiits approximately north and south. I can give you 
fnrtlier proof that this current of electricity acts like a 




niagjiet. I bring near it an ordinary steel magnet and 
jou see that the coil ia defiected. Using the north end 
of t!ie steel magnet it attracts one face of the coil and 
wpels the other so as to send it right across the dish. 

The soutb end of the steel magnet acts in the opposite 
*ay upon the circular electric current. 

Here again I have a helix of insulated copper wire 



:irig a long cylinder (fig. 12), which is equivalent i 



maki 

ita action to a great number of circular curi'enta with all 
"leir axes in the same line. This then represents a string 
or magnetic molecules all pointing in the same direction, 
*« when 11 bar of iron is magnetised. The helix is suspended 
tits middle by two thin wires connected with a battery, 
at is now passing through each coil of the helix 
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\": :■': >-'*r :t? lz::? :i. Tif 'z.i.z^iric meridian and whicl 
:- . : >:t I ?:*!. :i.£-r-?-: rv i ma^Tiet exactly as if i 

aw. • 

/: :.^: ' -. i.-^nTiTr :: i "mct is known to be dm 

: :: ■:.;■? :c :■: :>::V.5T:'M: cfirs molecules and it h 

1 ..: -^ ;.- r : : r ■■ r:.T-i:«>T :'ii: :rr magnetic character ol 

" -. : . i >:- fl L.i i-r ire:Tei Iv a iiigli temperature. 

* : . ■ :.:: "1 > > irrzil.T Tie esse. Here I have t'^o 

- . ■- - - i:. ;_: -T. : "rr- refie:*: exc^pr that one is cold 

^ . • • : :^ - Tr.i::e 1::. I brine them in turn 

. : - 1 ^i^yif-iei nsi^e:. Attraction takes 

■ . ,' .: :l^^. ":i: :lfrr is absc'lutelv no effect 

- . r ■^' :'s iTf 5cii :■:• have poles of unit 

■. ..> •■ — •:' .? rry*rl faoh other with unit 

. > .:.. ;• V: .> u-:: :: nij^etic strength is 

: ■-• v: :": .t "'irLirTT^r. rTimme, and seconu 

;^-: "■■>> .".-.I ::~:t. Here I have two 

,:v ' f V :' v.". :':. :> :: :::■.;: to an arm of a bal- 

■ ^ :•■.■.'".. ;. .' .-. "•- •.:".. : v. : : V.r aoriL-n of a pol^ ^1 

* .' jv- ' .■..;:•: ;.>.v ^ .:> -■ •; ::".::. T::e niasnets art 

• ... > .v.r iv."^ :'-: V. .=:^.'.:-::.* <::v:i4frh of the iX)!*? 

:■..-> V.".; . ;,-: .^.f.. ^jT :", ur.:: :br denoting tb 

: ■ / r : '. A 7". . V >: rr :: r: ':: of the masmet ■ 
." --.-,- - -..-.' -,- -.— -». -i--- .- „. ..^^- .--:^«. :,, f-i^jg room 

\ 7" I >:r:"^:.: :' ?.-/..: yr.\:v.v."ed bv powerf 

■ . * .■,'..":> .> ;/.;■.:: 1 .■ ■.' cr -'.'.•.'00 units. Tl 

-'. , ;:: >: >::\:'.i::".-. v-. : ./:.:;v!r.id is 4S.000 unit 

, .V \ .. s >■; ^^.■!c-.* ^v*-.\V. :-, :.:;:gi:rr has been made 1 

,: A .-.: l.'-.' .i^>. 'jW square inch. 

\^ s ■'. , >,-..y'.*\u" v^f varlvn is placed in a magnet 

> ■•, 'i:'. 'i -.'','.'J0 uuirs, each centimetre measun 

.; \' .•-.'> v^:' V'.ve turns the plane of vibration of tl 

V . . ii ' I ii • ', ;i '. * ii I c of a bout 1>U^. 
i'\' v\iA;''.,^ri>i'.i of iivu ships interfir^ 'ully wii 
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the Bction of the compass in indicating the magnetic north. 
TLis magnetism is never ao great iu its effect as terrestrial 
magnetism if the position of the compass on the ship be 
well chosen. Suppose the iron ship to act on the whole 
like a steel magnet with its north -seeking end at the bows. 
When the ship's head points north the magnetic poles at 
tie bow and stern tend only to weaken the directive force 
of tte earth's magnetism ; they do not produce any error 
latke direction of the compass. When the ship's head 
pointa south these poles strengthen the earth's directive 
force and again produce no error. When the ship's head 
points east, the compass points to the west of north. 
When the ship's head points west, the compass points to 
the east of nort;h. These errors can be compenaated by 
placing a magnet on the deck with its south-seeking end 
towards the north, to counteract the ship's permanent 
fflagnetiam along its length. 

Suppose part of the ship's magnetism ariBes from longi- 
tndinal pieces of soft iron lying along the length of the 
sliip, these are magnetised only by induction from the 
earth's magnetism. They are most powerfully magnetised 
"hen the ship's head is north or south, but produce then 
no error on the compaas. They are not magnetised when 
^6 ship heads to the east or west. Thns at the cardinal 
points, N, E, S, W, they produce no error. They produce 
the ffiaximum error when the ship heads to the quadrantal 
points, NE, SE, SW, NW. These errors can be 
''O'npensated by bsills of soft iron placed on the port and 
starboard sides of the compass. 

These are the principal causes of error, but in some 
t^ses greater refinements are required. A vertical bar of 
Mft iron acts like a permanent magnet whose intensity 
Varies with the latitude. In the northern hemisphere its 
npper end is a south pole. In the southern hemisphere it 
u a north pole. 
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LECTURE IV. 

ELECTRO-MAGNETISM. 



In a previous lecture wlien the phenomena of the e 
current were before us we saw various means by which a 
electric current could be atiarted in a conducting circuit. 
We also saw something of the effects which are produce^ 
by such electric currents. It will be my endeavour to-day 
to show you experiments ill-ustrative of the grand discoveries 
which were made during the third decade of the presenfi 
century. During that period were established the conneo* 
tions between magnetism and electricity. This department 
of the Science is called electro-magnetism. The chief dis- 
coverers in the realm of electro-magnetism were OerstedJ 
Faraday, Am p6 re, Sturgeon, Page and Henry. 

Previous to the year 1819 there were but few effects ol 
the electric current known to philosophers. The means al 
our command for detectinf^ the existence of an electric cur* 
rent in a wire were few. It was known that heat is gen- 
erated in a conductor through which an electric current ia 
puflsing. It was known that a spark could be obtained 
from two charcoal jKiints through which an electric cnrrenl 
passes. It was further known that chemical snbatancei 
could be decomposed, and that water could be reduced U 
its constituent elements of oxygen and hydrogen gas, whefl 
an electric cnirent passes through it. These, however, 
were ahnost the only meaiis of detecting the existence K 
an electric current in a wire. The only electric telegrapl 
in existence at that date was constructed by carrj'ii 
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twenty-aix wires representing the twenty-six letters of the 
alphabet. At the sending station electric cmrents were 
Bent through the different wires in succession so as to spell 
out the words. At the receiving end the existence of these 
enrrents was made evident hy the decomposition of water, 
bubbles of gas being given off from the wire corresponding 
to any letter of the alphabet indicated by the sender of 
the message. This was Soemering's telegraph, which was 
never commercially used. A successful telegraph was then 
an impossibility, owing to the limited means at the disposal 
of the inventor for the detection of an electric current in a 
wire. 

Even at the end of last century, however, there was 
evidence of some unknown kind of connection between 
electric phenomena and magnetism, A certain number of 
facts, isolated and non-reproducible, had been collected, 
aftbrding a prevision of what was to come. During a 
thunderstorm at sea it had been not unfreqnently noticed 
that when a vessel was struck by lightning, the compass 
needle was rendered useless and wonld sometimes point in 
a direction exactly opposite to that in which it would set 
previous to the lightning flash. 

But it was not until the year 1819 that the kej' was 
found to this mysterious half-suspected connection between 
electricity and magnetism. In the year 1883 there was a 
ningnificent exhibition of electric apparatus at Vienna ; and 
I Weil remember how after wandering over that enormous 
building in the Prater and adnniring the developments of 
the science displayed in connection with telegraphy, tele- 
phony, electric lighting and transmission of power, electric 
clocks and all kinds of electric appliances, I came in a se- 
clnded spot upon a small exhibit which held me bound by 
ft feeling of respect, almost of awe, as I thought how much 
world had been affected by this small 
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a compass needle placed on a velvet stand with a glu 
sbade over it and watcht-d over by a bust of the illnatrioi 
philosopher who had used it. The compass needle and tT 
bust were those of Professor Oersted, of Copenhagen ; aOd 
his experiment with this instrument was the seed whiCS 
grew and produced the galvanometer, the electro-magnal 
the electric telegraph and telephone, the dynamo machintii 
electric motors, electric clocks, and nearly all the electr^ 
appliances exhibited in that great bnilding. It laid t^ 
foundation of the science of electro-magnetism, and I thi 




that yon and I shall be able to see this afternoon, as w 
up one experiment after another, how it might l 
possible almost to have foretold from that one experims^ 
most of the later discoveries which now form the foundi 
tions of our science. 

I will now show you Oersted's experiment. 

You see that I have a long wire connecting the copp) 
and zinc of this voltaic cell. We know that an elect^ 
current is passing through it, from the copper tbroag'h ti 
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Ki the zinc. I now stretch out a portion of this wire 
Id. it over a compasa needle so that the cuiTent goes 
irom Bouth to north (fig. 1). You see the north end of the 
Medle ig deflected to the west, and the south end to the east. 
I reverse the direction of the current and a reverse deflee- 
hon takes place. This test for tlie presence of an electric 
torrent is more useful than one depending on the heating 
of the wire. It tells ns not only when a current is pass- 
ing, but also in which direction it is Bowing. 

Ajiy one with clear notions ahout the geometry of posi- 
tion could now foretell that on holding the wire under the 
Medle instead of over it the direction of deflection of the 
needle will be reversed. We will try the experiment. I 




told tie wire over the needle, ihe north end ia de6ected to 
the west. I hold it below, it now goes to the east. If I 
give the wire a turn round the compass needle so that the 
current flows over the needle from south to north and 
under it from north to south, the two actipna reinforce 
each other, both turning the north end of the needle to 
fte west. If I repeat the operation by making a number 
of tnrns of wire surround the compass needle (fig. 2), I 
Dinltiply the effect, provided I take care that successive 
tarnsoi' wire are insulated from ea.ch other, which is done by 
covering the wire with cotton, or better, with silk, or even 
I jercha or indiambber. By this device the current 
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cannot take a ahoit cut from one turn of wire to ai 
but must go round eacli turn completeiy. Thas we obtain 
a galvanomet(ir which enables us to detect the presence of 
very feeble currents. 

Now you will notice that if we wish to state the general' 
law about the action of currents and magnets, we mosv. 
not define the action as being dependent upon the positioiS 
of the current above or below the needle. Clearly th^ 
action would take place if the current be at one side o^ 
the needle. Here I have a dipping needle. I hold a wirf 
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carrying a current parallel to the needle and you see tha 
it is deflected (fig. 3). 

This action is a curious one, almost unique in naturej^ 
The mutual influence of the current and a mbignetic polftn 
is not one of attraction or repulsion. The north or sonthj 
pole of the needle is not moved in the line joining that?! 
pole to the electric current, but at right angles to ths&l 
direction. Nor, again, is the action parallel to the flow of^j 
the current, but at right angles to it. When we cpai 
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the aetioo of a small atraigbt bit of the electric currpnt on 
a magnetic pole beside it, tliere are three lines at right 
angles — namely, the line joining the bit of current to the 
magnetic pole, the line along which the current flows, and 
file line along which the magnetic pole tends to move. 
Stretch the thumb of your right hand away from your 
fingers. Place your hand on the wire 
mnying the current, with the palm facing 
tbe north pole of the magnet and the 
fingers pointing in the direction the cur- 
rent flows ; then your thumb indicates 
tbe direction in which the north pole 
tends to move. The south pole tends to 
move in the opposite direction. 

If an ordinary corkscrew be twisted 
to the right it moves at the same time 
through the cork into the bottle; if it 
be twisted to the left it has a linear move- 
ment in the opposite direction. Lay 
yonr corkscrew, or imagine it laid, so as 
-to lie along the wire carrying the current, 
Twist it so that it moves in the direction 
of tlie current flowing along the wire ; 
then the handle turns in the direction in 
which a north pole is impelled (Bg. 4), 

If you imagine yourself laid along the * ^''- * 

wire, the current coming in at your feet the uireotii 
sod going out at your head, so that you rorthpuieii 
Bwim witb the current, and if yon face thsiiir™tioa 
the magnet you will see the north pole 
go to your left and the south pole go to your right. 

Any one of these three rules will sufSce for all cases 
that can occur, I would recommend the second rule in 
preference to the others if you happen to know which way 
aMrkacrew turns. 
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You will easily see now thtit each pole of a magnet 
tries to go round a wire carrying an electric current. If 
the magnet were quite flexible it would wrap itself round 
the current. But it is rigid and cannot do thia, and its 
rigidity only allows it to try to set itself at right angles to 
the current. If we could find a magnet with only one 
pole it would if free move continuously round and ronnd 
i B current-carrying wire. Thia is impossible, for we cannot 




tind a north pole mechanically dissociated from a south.' 
pole. We may, however, obtain this continuous rotation 
by a special device. We can arrange matters so that the 
curreiit acta only on one of the poles. Here I have a 
magnet doubly bent at its middle (fig. 5). Through this 
middle part a stout wire passes, going the whole length of 
the magnet and pivoted at its two ends, the magnetr 
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and wire being vertical. If a current were passed along 
the whole length of this wire, the north and south poles 
wonld tend to go round the current in opposite directions 
and no rotation would ensue. To prevent this the current 
which is admitted through the upper pivot of the stoat 
wire leaves it at the middle of the magnet by passing 
through a horizontal wire there soldered to it, and bent 
down so as to dip into a ring trough of mercury. Mercury 
is a good electric conductor, and a wire fixed to the trough 
and dipping in the mercury is led to the zinc of our voltaic 
cell and completes the circuit. The upper pivot of the 




wire has a mercury cup to make good electric contact. 
The current now leaves the copper of the voltaic cell, enters 
the stout wire at its upper pivot, passes beside the north 
pole of the magnet (if that one be uppermost), deflecting 
it in the way a corkscrew handle turns when going down 
into a cork. The current leaves the stout wire at its middle, 
going by the mercuiy ring trough through the fixed wire 
to the ziuc of the voltaic cell. The current has never 
approached the lower pole of the magnet. It follows that if 
our logic ia right, Oersted's experiment makes us certain 
that if the strength of the magnet and of the current be 
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sv.ffioieiit, and if the mechanical friction be small, we must 
IT'-T iMitaTion of the masrnet continnonslv round the wire 
carrvi:iiF the current. I now make contact with the battery 
aiul y.iu see that our anticipations are realised. I now re- 
vr'r>e the direction of the current and the magnet rotates 
in the opi>.^site direction. 

Here again is another similar, but perhaps more strik- 
insr. arranarement o^ the same experiment (fig. 6). Here I 
liave a magnet without any wire. The magnet itself is 
pivoted at top and bottom. A wire is attached to the middle 
of tlie magnet, dipping as before into a ring mercury trough. 
The current entei-s at the top of the magnet and leaves it 
at the middle without ever approaching the lower pole, 
and you see that we get continuous rotation as before. 
These continuous rotations of a magnet pole round a 
current were first produced by Faraday. It is interesting 
to see how we could by a mere consideration of the geo- 
metries of place and motion deduce these effects with cer- 
tainty from Oersted's experiment. 

We now know that a current produces in its 
neigliljourliood a magnetic field, as it is called. I mean 
that a compass needle near an electric current has just as 
mil oil a tendencv to set itself in a definite direction as if 
it were subjected to the direct action of a magnet. There 
can be no difference in the character of the magnetic field 
produced by a magnet and the magnetic field produced by 
an electric current. Both are able to give direction to a 
com])ass ne(^dle ; and if a magnetic field produced in one of 
tlies(* ways can produce other effects, we may be quite sure 
that the same effects can be obtained from the magnetic 
iield produced by the other method. Now a magnetic field 
produced by a magnet not only gives direction to a compass 
needle, but it induces magnetism in a piece of soft wrought 
iron ; and having done so it can exert an attractive as dis- 
tinguished from a merely directive action. Thus we may 



Tery certain that an electric carrent caa ma^etise a 
peceof soft iron, and then attract it. 

Before convincing yon by experiment of the justnesiB 
of our logic, I will ofTer some anggestions which may lead 
18 ta arrange onr electric current so as to get a simewhat 
powerful effect when we make the experiment. 

If I have an electric current going round in a ring yon 
will notice that by the rule we have obtained every bit of 
the ring carrying the current is trying to drive the north 
pole of a magnet through the middle of the ring in one direc- 
tion, and the south pole in the opposite direction. So that 




if a compass needle were suspended in the centre of the 
nng it would have a strong tendency to set with its length 
along the axis of the ring. Now if I replace the ring in 
wliicli a very strong current passes by a coil of 1,000 turns 
of wire the current will only require to be one -thousandth 
of tilie strength to produce the aame effect. Now such a 
coil and compass needle combine to form the galvanometer 
for measuring small currents which we lately considered. 
I have now to show you that if a rod of iron be placed 
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Lr.:?L'Irr T-il:: yyl if "*">? ^^TTniL^ * cuTTeiit the magnetic 

dr.-i -Jl■iI■:^r-• nxTn-rrisad::! in rhe iron. We will mako 
T V Trjerlri'r" T. T-rTr is n:^ ao CTirrear in the wire coll 
iz.'i tIt -r - car £■ >r^ r.:r arrricr riese nails to it. I now 
jMJie:T rV :*:il "^l"! i v:>a:o c»rll. the current flows and 
r.'."^ :!irr riiT" Li '^■lim-r'riyrii. TiLis diso^very was made by 

r^lii^T. I 5~5Ter.i ri-? Lron bar wirh onlv one end in- 
sLirr tIi-t .-.LI. Tirr r-Lrr^TZT :z.a:J:netLses it. and then attracti 
::< :i-?iLr*f<r fii'i. S: "^t!! see rieip?n barissncked into the 
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!r'j_:> ic'"i:vi :r tI-t xil ani ir^jn bar is railed a solenoidd 
■iv."r";L*. ':'■ -^jll: ■■ '?tr«:v".'?. a~«i rhev call the combination of 
j\\. .e.i Lr-.v. .i - •' ■ *. I hope that none of you will ever 
u-k? T-v.^e :.rTr.> >»:. It L> qii:e inaccurate. I mention the 
'•v:!?.ls ;n**" ?*: Tlii.: v.-.: :i:av n^deretand them when vou 
Iitat v.:-.yr.w:::ut!. nirz. -<e :!irni. This sucking action is ap- 
r:'.i:Li':"r :: :::.•.-" y".ri;-f> ;: .apparatus. It is much used in 
t'lir r-r^i.A'ir-i: p^.^:: :: L-:,r; 'imp?. It is usefully employed 
:z riiis pi-nZ'T ■:: ravy^r-.Tv.s. which is an electric hammer. 
Hrr^ is a vrrri?:/. rube. w::::i..i <.\-*n:ini:ouslv with a coil of 
wir-r fr.'irL b ■"•in ro :o:\ A: everv tifth turn there is a 
Sc-parate wir-E- i-ri away t-.^ or.e of these pieces of brass, of 
which there are fifty in line, aloiivr rhe base of the apparatus. 
The lowest five turns are connected at their beginning and 
end with the first and second pieces of brass, the next fivf 
with the second and third, and so on till we come tothelasi 
piece of brass, which is connected with the last turn of wif 
at the top of the column. Now I take this piece of wood 
which can slide over the bits of brass. The wood has tw 
metal contact pieces connected by wire with the coppe 
and zinc of a battery. By rubbing the wood along I ca 
pass the current of the battery through any section of coi 
in the vertical column that I please. I can begin by makin 
a strong magnetic field at the bot ^ tube, and 1: 
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sliding the contact I can raise the magnetic field gradually. 
If I now place a rod of iron in the tube, and move the slider 
backwards and forwards, I can raise and depress the iron 
core with great force. The apparatus is only a toy, but it 
iUnstratea well the aucking action of cu-cular currents. 

We have seen now a second logical deduction from 

Oersted's experiment — namely, that a current of electricity 

can convert soft iron into a magnet. When the current is 

in the form of a ring the action is moat jiowerful, but this 

^^over ejcists wherever we have an electric current. You 

^^■n seen when we wstq last together the position taken 

^^Bby iron filings when placed in a magnetic field. I 

^^He liere a horizontal glass piate with a hole in it. A ver- 

^^^Hwire, carrying an electric current, passes through the 

r{,ular ma^et o lield. 

fiole. By means of the lime light and two inclined n 
I can throw an image of the glass plate with its hole and 
*ire on the wall. I now scatter iron filings on the glass 
ind tap it. The filings get magnetiied by the current, and 
set themselves along the hues m which magnetic induction 
sets. You see that tliese hues aie circles surrounding the 
electric caiTent (fig. 8). 

I have another way of showing the magnetic effect of 
the cnrrent. I dip this wire, carrying an electric current, 
into a box of iron filings. On lifting it out and placing it 
in the beam from the electric arc light you see its shadow 
. the screen with a thick cluster of filings adhering (fig, 9). 
The cnrrent magnetises each bit of iron. The ends of these 
bits attract each other, and form, as it were, flexible chains. 
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T!i6 end of the chain, wliich'is a north pole, is urged roiij 
the current one way, fhe other end the other way, an«( 
the wire candying the current is gripped by the flexj 
mass of filings. 



Tta. 9. — Wire carrying corrBnt after being dipped in iron fllingi 

I am now going to ask yon to direct yonr attcntioB 
another conclusion which may be drawn from Oersfi 
experiment, and wliicb leads ns directly to one ofFarai 
most beautiful discoveries. And I believe that in so thj 
ing over Oersted's experiment, and leading up to the gt 
discoveries of Faraday, we are following in the path wl 
was trod by him. Faraday, in describing his work, Hi 
tells us that he knew beforehand what results he was g« 
to get. He always described his experiments in order/ 
deduced his conclusions ; bnt I do not think he could I 
been led to all the dincoveries he made without forese^ 
his results from theoretical considerations. It is perfil 
well known that Newton obtained many of his result 
dynamics by analytical methods before presenting tha 
tke world in the geometrical form which best suited 
age. It is equally true that many philosophers in 
days have deduced thdir results geometrically before ^ 
them the analytical garb which is most powerful in mol 
quantitative research. So do I conceive that Fafl 
applied the laws of motion and the then unwritten lEf 
the conservation of energy to his science before evert** 
ing wire or battery, and illustrated his results by exj 
ments which were beyond cavil, and whose interpret^ 
did not involve any physical intuition which was in ad* 
of the science of the period. i 

We have found that the north pole of a magnet t 
to move round a current in the direj3tion indicated t 
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HM'tacrew aid to memoiy. Now "we know that in a]] inani- 
I festatioDs of force action and reaction are always equal and 
■ opposite. If I pull a weight on the floor towards me by 
^^nttting the weight exerts on me a force exactly equal to 
^Hnt which I exert on the weight. If there were no 
^^Pu^on on the floor the weight and myself would both slip 
slong, and our relative motions would always be pro- 
portioned to our weights — the heavier of ua moving least — 
the total action being equal to the total reaction. If the 
weight moved on wheels without friction, while I was fixed, 
tb action on the weight would give rise to a reaction on 
myself, the floor and the whole globe, aa one mass, in tho 
opposite direction, Wiien a stone ialJs to the ground the 
fOrld jumps to the stone but t;he quantity of motion is 
proportional to the masses, so the world barely moves. 
The more you tiiink over these examples the readier you 
fill he to accept the universal law, which haa never been 
violated in nature, that action and reaction are always 
equal and opposite. Now let us apply this to Oersted's 
oiperinient. We know that a magnetic pole tends to rotate 
Wuad an electric carrent. We know that action and re- 
tetion are always equal and opposite. Therefore we know, 
with absolute certainty, before ever we try an experiment 
tliat an electric current tenda to rotate round a magnetic 
pole in the same direction as that given by our corkscrew 
aid to memory. This ia true, for you will easily see that if 
tlie reaction of a current is opposite to the action of the 
magnet they will rotate round each other and therefore 
rotate in the same way. To show this reaction Faraday 
Revised the apparatus before you (fig. 10). It is the converse 
of one we previously used. It consists of a vertical magnet, 
widi its south pole uppermost. Pivoted on the top of the 
magnet is one end of a conducting wire, which is bent down 
parallel to the magnet and dips into a ring-trough of mer- 
44UJ fixed to the middle of tha magnet. I connect the 
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magnet itself with the copper of 
passes through the magnet to the 
ciip^ in a mercuiy cup. through the 
wards to the mercury trough and 
sine of the battery. The circuit i 
wire carrying the current moves 
the magnet in the opposite directio 
as we look down upon it, I haye o 
to show you that the direction 



I battery. The curre.^ 

pivot at the top, wUc; 
3 conducting wire dowt; 

thence by a wire to tt> 
s now completed and tb. 

round the south pole of 
n to the hands of awateq 
nly to reverse the our 
of rotation is change 




Again I modify the experiment, by inverting the magna 
having the north pole uppermost, and again you see til 
direction ia reversed. Reversal of direction of current o 
inversion of magnetic poles reverses the direction of motioq 

This result led Faraday to devise many beautiful e 
perinienta, all illustrating the same point ; and the genera 
fact remains established that when we have an electri 
current in a magnetic field^that ia to say, in a part o 

^ I 
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gwliere there ia magnetic induction, and cutting the 

1 of induction, then there ia a force tending to 

pthe magnet, and an efjual force tending to move the 

Tent in the opposite direction ; and whichever ia free 

I V the coEstruction of the apparatus to move will move, 

wd if both be free to move both will move. If, then, 

Jon place the right band between the electric current and 

» north magnetic pole, with the hngera pointing in the 

i direction of the current and the palm facing the north 

polp, then the thumb indicates the motion of the magnet, 
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Fic. 11.— Diagram 




uf magnet and 
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Mid if the palm face the current the thumb indicates the 
oirection of the couductor carrying the current (fig. 1 1). 

I will now illustrate the subject by means of a different 
apparatus, a piece of apparatus of great beauty, and one 
which witli the same fidelity proves the truth of a current 
of electricity round a magnet. I have here a globe par- 
tially exhausted of air, the density of the air within it 
ia very much leaa than the density of the atmosphere 
aroond us, I shall paas a current of electricity through 
this globe, passing it along the outside of the tube which 
down from the top through the middle of the globe. 



■t«HB down 
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Within that tube I have a piece of iron with a coil of w^l 
round it, bo that with the wires connected to a battery 
am able to magnetise that central piece of iron either wiU 
the north pole downwartts, or with the south pole down- 
wards. We have seen tliat when a current is travelling 
parallel to a magnet it tends to rotate round it in one 
direction or another according to the direction of th^ 
magnetisatiou. In those experiments we always used » 
solid body, generally a copper wire, to convey the currea* 
of electricity. In this case I am going to pass the currea*? 
of electricity through attenuated air. When we send * 
current by means of that grand induction coil througl* 
the partial vacuum, you see a stream of electricity; ^ 
current is passing parallel to the magnet irom the top tO 
the bottom. I am now able by means of a commutator td" 
magnetise that bar of iron. I will magnetise it first wiU* 
the north pole downwards, and you see a continuous rot*! 
tion of the current of electricity round the pole of th^ 
magiiet. I will now reverse the direction of magnetisation,' 
and put the south pole downwards in plaee of the nortih 
pole ; the current stops and immediately rotates in the 
opposite direction. 

Now I must proceed to a fourth deduction froH 
Oersted's experiment. When a coil of wire carrying aj 
electric current ia placed near a magnetic pole it attract 
or repels that pole. If the pole is taken to the other si^ 
of the coil repulsion takes the place of attraction and via 
versd. We deduced all this directly irom Oersted's e^ 
periment and confirmed our logic by experiment. Tfa 
coil, then, with a current in it acta on external objects lil? 
a magnet. One of the open ends of the coil acts like 
north pole and the other like a south pole. It follows thai 
in the experiment I have just referred to we may replac* 
the magnet by a coil carrying a current, and the action o! 
these two current-carrying coils on each other must betbl 
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e as the action of two magnets on each other. Two 
circnlar coils facing each other, with a current going in 
tie same direction in each, mnst act like two magnets end 
to end with their north poles pointing the same way, which 
as we know gives us attraction. Here we have arrived 
»t a grand generalisation wliich is the section of olectro- 
Biagnetisni developed by the French philosopher Ampftre, 
We vfill, as before, confii-m our logic by the test of expe- 
rience. I have here (Eg. 12) two coils of wire suspended 
at the ends of a horizontal bar of wood. The axis of each 
Ktil is at right angles to the bar and horizontal. One end 



Fio. 13. — Ampfera's experiment, 
of each wire coil are connected together, the other loose 
ends go to the middle of the bar, and are attached to two 
fine vertical wires which form a suspension to the bar with 
great freedom of movement. The tops of the two wires 
are connected with the copper and zinc of a voltaic battery. 
The coils are so wound that the current flows in opposite 
directions in the two. This is done to overcome the effects 
of the earth's magnetism, which tends to twist each coil 
in the opposite direction. I hold in ray hand two coils 
Bimilarly mounted on a bar of wood and connected with 
another voltaic battery. The current here traverses both 
, coUa in, the same direction. If I bring them in proximity 
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to the suspended pair, the direction of cnrreuta is such 
that one pair of opposing coils attract and the other pair 
repel. The, result is rotation, as you now Hee, in the direc- 
tion of the hands of a watch with its face upwarc 
reverse the current in the coils I hold and the rotation ia 
now in the opposite direction. Our fourth logical deduction 
from Oersted's experiment has stood the test of experience. 
Having now grasped the fact that two circular currents 
face t« face going the samp way attract each other, let 
for a moment divest our minds of the magnetic notions 
which have been our faithful guide so far, and look at the 
bare fact in another way aa Amp&re did. We are driven 
to the conclusion that two parallel bits of a current-carrying 
wire attract each other if the currents are going the same 
way, and repel if in opposite directions. I have here a 
piece of apparatus (fig, 13) consisting of a vertical column 
supporting at its top in a mercury cup a pivot attached to 
a horizontal wire, which after being bent downwards dipa 
into a trough of mercury on the base of the apparatus. 
The mercury trough is connected with the zinc of a voltaic 
battery and the vertical column with the copper. The 
current then is flowing downwards in the wire. I hold i 
my hand a second wire connected with another battery, 
I have fixed a paper arrow on the wire to indicate the 
direction of the current. Pointing this arrow downwards 
the two currents are in the same direction. I bring my 
one near to the suspended one and you see there is attrac- 
tion. It is now moving fast. I retain the downward, 
motion of my current but put it to the other side of the 
suspended wire. The motion is checked by the attraction, 
and now the wire moves the opposite way. I invert my. 
wire, the currents are now going in opposite directioua, 
I approach the wire and repulsion takes place. 

There is another part of Ampere's conclusions to which 
I will now direct your attention. Two magnets incline 
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h ofclier and left to themselves set their axes f 
or in the same line. Hence, two coils must do the same, 
and will turn until they are parallel with the currents 
flowing in the same direction. It thna maj- be concluded, 
if we look at the action of one bit of current-carrying 
wire upon another, that if they are inclined at an acute 
ajigle, ajid if both of the neigiilxmring currents are going 




to the point of intersection, the acute angle will diminish; 
if one goes to, and the other from, the point of interaec- 
tion the acute angle will expand. 

The point is very nicely illustrated by this exceedingly 
wautiful though simple apparatus (fig. 14), which I hap- 
pened to come across the other day. I dare say it ia com- 
mon enough, but I never saw it before. There are two coils 
"f wire both upon vertical pivots, each capable of rotating 
§& Vertical asJB. A current of electricity can be inde" 
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prndently sent through these two coils ; both of them in 
rotatiiig are able to make contact between the ends of the 
wire and two little, mercury ring- troughs. The ends of 
the outer coil always dip into the same two troughs which 
are concentric. Hence the direction of the electric carrent 
the outer coil is never changed. The ends of the other 
coil dip into a ring-trough with a partition, and the mer- 
cury rises by its surface -tension above the level of the 
partition. Thus we have two mercury sectors into which 




the wires can dip, and thia acts as a commutator, tending; 
to reverse the direction of the electric carreut in the inner 
coil at each half-revolution. We can see that by thia 
arrangement there is attraction up to a certain point. Thai 
momentum of the coil carries it past the dead point, and 
the current is now reversed, and repulsion takes placd) 
continuing the rotation. By this ingenious device we geft 
continuous rotation of both coils about a vertical «.Tia 
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opposite directiorm. The very pretty contrivance illas- 
trates tbe action 1 have been describing — namely, attrac- 
tion or repulsion between parallel enrrent condnctors and 
L tw^isting force between them when crossed. 

In conclusion of these illitstrationa I will now show 
I you one which illustrates in a simple and effective manner 
I the mutual attraction of parallel current-carrj'ing conduc- 
I tors. I have upon this stand (fig. lo) a spiral of copper 




wire forming a vertical coil freely suspended from its top. 
The lower end dips into a vessel containing mercury, which 
is itself connected with one pole of a voltaic battery. The 
top of the spiral is connected to the other pole. When I 
turn on the current we know that there will he attraction 
between successive tnma of the spiral. This being due, 
as we have seen, to the creation of a magnetic field by each 
1 of the spiral, the field would be strengthened by pat- 
r an iron rod inside the coll, and the attraction would 
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be greater. But you will see even without the iron that 
attraction will take place. The result of the attraction 
between neighbouring spirals is that the lower end of the 
wire is lifted quite out of the mercury. Tha current is 
then stopped, the spiral regains its natural length, re- 
establishing electric contact, renewing the attraction, and 
so again lifting the point out. Thus the point oscillates up 
and down manv times a second, and each time the contact 
i^ broken a spark occurs with slight noise, and so you hear 
a continuous musical note from the intermittent action of 
tlio spiral's self-attraction. 

In concluding this lecture I will remind you that from 

i^orstod's exj^riraent we have deduced and proved four 

ivnolusions : first, a magnetic pole tends to rotate con- 

t inuously round an electric current ; second, iron can be 

i\>uvorted into a magnet by coiling a wire round it and 

jVK<iiinir an electric current through it ; third, a current- 

\\»Tying conductor tends to rotate round a magnetic pole; 

^Hlrth, two wires carrying currents act upon each other 

liko niaornets. The directions of motions have also been 

^•^ojirly predicted and the predictions confirmed by trial. 

I ^io connection between electric and magnetic action has 

Kn^u so clear that the idea of a magnetic molecule being a 

v-.ivulnr t^lectric current commends itself to us. In any 

-t-o, wo may feel pretty sure that, if we know the physical 

^'k^M^ ot attraction and repulsion between two current' 

r/'.'C'^ ■'*'''''^'*''^''^^' ^^ ^^^^^ ^^ ^^^ ^a^ ^^o™ explaining 

-V ^ =. -o'l U.r\' *'''''*^ ^^ magnetism. We learnt in the firs*^ 

■»v'xiu^'.' .! [T ^"^'P^^sion between two positively electrified 

vxi!'.::m i\ .^* *^ ^-^'rtain state of stress in the separating 

«'^^ ^v!u (I ]^'*^^''^^^ *^^^ foundations of a theory we must 
• •' -'-i ^»i' I IiimTv' ^'*^!''*''^^? ^^^ so altered by a rapid parallel 

' - '»■ i^'pulsio'* ^^ ^^*^^"^^^<1 bodies, as to superadd to their 
1..^.. Miuv u h-1* b ^^ "*^^^fi<5tion which wo know them to 

oeou proved that an ' • current is 

i 
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identical in its symptoma with a moving electrified body, 
.' and two parallel electric cuireuts in the same direction 
attmct each other. 

Before we separate let me draw your attention to the 
boHndless field laid open to the inventor by these diBcoveriea 
of the philosopherB. If we have a wire thousands of miles 
long, and returning parallel to itself, we can create a 
diffirencB of potential between the two ends by means of 
M electric battery, and the current set up is capable of 
detection at the distant end almost instantaneously. Here 
is the key to the electric telegraph. The rapidity with 
wiich the signal can be detected depends upon the delicacy 
of tlie distant apparatus, or the means used for detecting 
tliepresence of a current in the wire. Cooke and Wheat- 
stone passed the electric current at the distant end through 
S galvanometer. Morse used an electromagnet which 
attracted a piece of iron each time a current passed. Bain 
nsfd a solution of iodide of potassium and starch on a strip 
of paper. The solution was decomposed, and left a blue 
nmrlc on the paper when a current was passing. The 
constrnction of an alphabet from these signals was not 
^cult. Cooke and Wheatstone sent the current in one or 
olier direction to give two kinds of signals, the combina- 
tions of two, three, or four of these signals gave all the 
letters of the alphabet. Morse used currents of short and 
long duration for his two primary signals, the dot and the 
daah, and combined them in the same way. Hughes caused 
B wheel with types on its edge to revolve continuuusiy over a 
sheet of paper, and when the i-equired letter was in place a 
•^rrent going thraugh an electromagnet caused it to make 
1 tuftrk on the paper. This iuvolved accurate synchronism 
Ijetween moving apparatus at the sending and receiving 
"id. Nunibe.rs of telegraphs have been invented which 
depend upon synchronism. 

A great advance in telegraphy was made when it was 
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found that a return wire was unnecessary. At the distant 
end the wire is connected with the ground. At the sending 
end it is connected with one pole of the battery, the other 
pole being connected to the ground. The whole world is 
used as the return conductor. 

Clocks can be regulated at any distance by an electric 
current. A central controlling clock may make connection 
at every swing of the pendulum between one pole of a bat- 
tery and a wire. This wire may go to all the clocks in a 
district, and at each second the current acts by one or other 
of the electromagnetic actions we have examined so as to 
accelerate or retard them as required. In another system 
a signal is sent to all the clocks once an hour, and the 
current is used to pinch the minute hand and set it exactly 
to XII. 

The construction of bells on electromagnetic principles 
is not difficult to the inventor. Almost any kind of 
recording or tell-tale apparatus for water levels, height of 
barometer or thermometer, for recording the hour when a 
watchman makes each visit, can be invented with no great 
exercise of ingenuity. The commercial and industrial 
applications following from Oersted's great discovery are 
innumerable. 



LECTURE V. 

ELECTROMAGNETIC ISDCCTIOS. 

■ the last lecture we studied the remarkable experimeiit 
f Oersted. Thia experiment bears the same relation to 
Ite laws of electricity as Kepler's calculations bore to th« 
laws of gravitatiOE. Each is a bare statement of fiict, but 
in each is contained the germ of the whole truth, which 
only required to be put into mathematical language to 
complete the theory. Newton did this for gravitationj 
Ampere did the same for electromagnetism. It has been 
said by some that it was by an. accident that Oersted made 
hia discovery, 11' that be the detinition of accidental dis- 
covery I should be inclined to say that it was by accident 
that Kepler found out that the planets revolve in ellipses 
with the sun in the foci ; it was by an accident that Herschel 
discovered the planet Uranus ; the minor planets were 
foand by accident, and nearly all geographical discoveries 
have been accidental ; the discovery of the variation of 
heat-conductivity in iron with temperature was accidental, 
and most laboratory discoveries are accidental. It is tme 
that when Oersted made his brilliant discovery he was 
trying to obtain some effect on the compass needle by the 
heat developed in a wii-e by the electric current. But 
what would be the value of laboratory research if we never 
discovered anything except what we expected ? The only 
men who can make these accidental discoveries are the 
men who are continually experimenting with laborious 
induBtiy, and who have the tenacity of purpose required 
for tracking every unknown effect to its cause, and whose 
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experience enables tliem to realise the importance of a 
unexpected result. There are too few of these origi 
workers at present. We want some more men, who knoi 
how to hunt for such accidental discoveries. Of h 
the pursuit of physical science has become a profes 
followed for the purpose of making an incomi?. The im 
vostigator of to-day seta before himself a research in whiolJ 
he knows beforehand the qitditative results he will obtain! 
He becomes little more than a measuring machine, 
completes his research without meeting with a single una 
expected result. He publishes his research in a scienti: 
society's transactions with his results carefully tabulate 
and illustrated by curves. Such men do good, ueefiil work. 1 
The care and skill required for soch researches is great 
and requires a long period of training, and the work has 
a money value which can be reckoned at so much an hour. 
But no amount of income paid wiU create the original dia- 
coverer who makes discoveries by accident. His accidental 
discoveries are not to be valued by a standard of money at 
by time spent on them. It is genius that leads to these 
accidents — the genius of a Kepler, of an Oersted, of H 
Faraday. 

We have seen that Oersted's discovery leads directlj 
to the continuous rotation of a magnetic pole round i 
current, to the making of electromagnets, to the rotation 
of a current round a magnetic pole, and to the mutual 
action of two electric currents. But this in no way de- 
ti-acts from the value and originality of the work of Faraday, 
Ampi!re, and Sturgeon, who added new facta to science. 
And so it is in the present day. We frequently meet witl? 
new discoveries which, uiion investigation, are found to ba 
deducible from what wn knew liefore ; but this does not iiS 
any way diminish the merit of those discoverers who hav9 
added to our knowledge of facts. And this is especially 
so iu the realm of electricitv. 
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I hare the intention to-day of dealing with a fifth con- 
clusion which might be drawn from Oeratod'3 espariment, 
and which has led to as many useful applications aiS any 
of the facta established in onr last lecture. 

Let us apply to Oersteil's espariment the principle of 
the conservation of energy which has been developed in 
tie last half-century. Lucretius told us, ' Es nihilo nihil 
fit' {'Nothing comes from nothing'). He meant this to 
Kpply to matter, and his maxim is the fundamental basis 
of the analytical chemist's art. ' The quantity of matter 
in the universe never changes; ' that is how he expresses 
the maxim of Lucretius. But the physical philosopher 
has extended the meaning of that maxim. He applies it 
to energy as well as to matter, and declares that the total 
quantity of energy in the universe never changes. We 
may transform the energy of a moving body into energy 
of heat. The energies of electrical action and chemical 
affinity can be interchanged, but we can never alter the 
quantity of energy though we may change its form. 

Now apply this to Oersted's experiment. A compass 
needle is held in the meridian "by the force of the earth's 
magnetism. An electric current is caused to flow parallel 
to it. The needle moves through a certain angle against 
the directive force of the earth's magnetism. During this 
action a certain amount of work is done. Energy must have 
been expended in doing this work and giving to the compass 
needle an energy of position with respect to the direction 
of the earth's magnetism. Whence has this energy been 
derived? Some part of the apparatus must have lost an 
equal amount of energy. The only source of energy in the 
apparatus is the electric current, and we may be absolately 
certain that when the compass needle moved the electric 
current in the wire was diminished. Kow the electric 
current in a conducting circuit depends upon the electro- 
motive force acting in that circuit and on the resistance of 
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the circuit. The latter quantity cannot change, and now we 
know that the electromotive force in the circuit has been 
diminished during the motion of the compass needle. The 
motion of the needle has caused the production of a mo- 
mentary counter-electromotive force opposed to that of the 
batterv. 

Let us make our ideas clearer by considering a special 
case. An electric current flows in a wire from north to 
south over a compass needle, which moves through a definite 
angle, the north end going to the east, doing a measurable 
amount of work against the force of the earth's magnetism. 
This is accompanied, as we have now assured ourselves, by 
the creation of an electromotive force tending to set up an 
electric current in the wire from south to north. We have 
learnt, then, from Oersted's experiment and the conserva- 
tion of energy, that if part of a conducting circuit be over 
a compass needle and the needle be deflected, its north end 
being moved to the east, a current is induced in the circuit 
from south to north. 

Precisely the same reasoning applies to all the cases 
where in the last lecture we obtained motion by electro- 
magnetic action, for work is always done in these cases by 
motion against friction if not against the earth's magnetism. 
See what a field for experimental verification lies before us! 
We may well be appalled by the importance of this last 
logical deduction from Oersted's experiment. We are no^ 
in a position to assert that when a magnetic pole is caused 
to rotate round part of a conducting circuit a current is 
induced in that circuit. The same happens if part of the 
circuit rotates round the magnetic pole. Further, we can 
state that if the north pole of a magnet enters a coil of 
wire a current in one direction is started in the wire. K 
the north pole be withdrawn a reverse current is induced. 
Another current in this reverse directi*^'^ iq induced by 
the introduction of a south magnetic p9 idrawal ot 
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Iich indncea a current agreeing in direction with the first 
this series. We can still I'ui-tlier affirm that if two coils 
Ol wire lie lace to face, and a current of electricity is in one 
of them, then the approach of the two coils together creates 
8 reverse current in the second one ; the separation of the 
ooila inducea one agreeing in direction with itself. 

Now let ua put these most inipoi-tant assertions to the 
test of experiment. In order to detect the e.tistence of 
itnlnced currents I will make use of this reflecting galvano- 
meter ou the mantelpiece. It consists of a small magnet 
attached to a mirror and placed inside a coil of wire. The 
JHftgaet points north and south. ITie axis of the coi! lies 
east and west. To the ends of the coil of wire I can 
attach tlie ends of any other wire in wliich I wish to 
detect the existence of an induced electromotive force. 
The hme-light in this lantern shining on the mirror throws 
Sspot of light on the wall, and the moving vertical line 
you see is the reflected image of a wire in the lantern. 
Its motion to right or left indicates the existence and 
ilifection of an electric current in the coil of the galvano- 
meter. You will understand in the experiments we are 
Engaged on the relative motions of wires and magnet may 
induce an electromotive force without necessarily inducing 
a corrent, if the wire circuit be not closed. I do not say 
it is so bnt it may be. Certainly in all the cases I have 
suggested an electromotive force is induced whether the 
I circuit is open or closed. 

I I will commence by connecting the ends of the galvano- 

r meter-wire to the ends of another wire coil which I shall use 
»t some distance away. I now hold the coil in one hand, 
a magnet in the other, I will force the north pole of the 
magneli into the coil towards yon (fig. 1). On doing so 
yon Bee the spot of light moves to the right. If onr theory 
be true it must be found that ou withdrawing the magnet 
:eise current is induced. You see the epot of light 
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moves to the left. I reverse my hold of the magnet, ai 
introduce the south pole towards you. The spot of light' 
moves to the left ngain. I complete the experiment 
withdrawing the south pole, and we get a motion in 
original direction — namely, to the right. 

One of the most beautiful applications of Faradaj 
discovery, that an electric current is created in a wire_ 
when a magnet moves in its neighbourhood, is found ij 
the magneto-telephone of Mr. A. Graliam Bell, by means of 
which speech in one place can be reproduced in another 
place connected with it by an electric conductor snch as a 
telegraph wire. Speech consists of a series of vibrations of 
the air, which vibrations strike the ear, and also strike all 




objects within range of the speaker. It occurred to Bell t 
allow a thin sheet of iron to be acted on by the air vibrur 
tions so that it should itself vibrate. A coil of insulated wir 
was placed facing the iron sheet. The iron was magnetisei 
by a magnet whose pole aLmost touched it, and which p 
through the coil of insulated wire. Bell said that if th 
magnetised iron sheet moves in accordance with the vibrs 
tion of the air due to speech, then electric currents will b 
created in the coil of wire, and these currents can h 
transmitted to a distance by a telegraph wire. The frs 
quency of the air vibrations, and their intensity_-^aij 



leproduced by t.Iie riwiiieticy unci intensity of t.lie elect* 
enrrents. If now a similnr iiistrmnent be placed at t 
distiiat place, its wire coil being' also cnnnetted with the 
telegraph wire, the electric currents |iasaiiig through llie 
I coil will attract and repel the thin iron §heet which will give 
JMff to the air vi brations exactly resembling in frequency uml 
l-wlative magnitude the vibrations caused by the original 
li^Haker, uad these air vibrations can be listened to I 
iLpntting the ear close to the second iuatrument. 

I will now show you the action of a piece of apparatd 
vliich I have mounted here (fig. 3) to illustrate thia 
ciple of the telephone. 




IlluEtration of the action of a pair of telsphon 



I have suspended a sheet of iron in front of the pole 
of a magnet. The magnet is placed inside a coil of wire. 
The two ends of the wire coil pass away to this second 
apparatus, namely, a coil of wire round a magnet. Here I 
hold a mass of iron in front of the magnet pole, and move 
it by hand backwards and forwarde. I time the move- 
ments so as to sympathise with the oscillations of the 
Bospended iron sheet. The electric light now throws a 
shadow of the suspended iron sheet on the screen, and you 
can see it oscillating in sympathy with the movement o^ 
the iron mass I hold. 

The discovery of electric currents created or indua 
by electi-omagnetic action fell to the lot of Faraday. 
did not rest • with a single experiment. 
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not coQtt*ut with being the first to convert the musculal 
energy required for n])pi'oaching a coii and a magnet into 
electrical energy. He saw most clearly that his diBCovery. 
of induction opened out a new mine of electric energy, 
which could now be obtained without limit from any; 
source of mechanical power, such as a waterfall or steal 
engine. But he knew well enough that while there wool 
Ise plenty of workers to mt^nify the scale of his expe; 
riments when the money reward of a ujieful inventics 
was in view, there were comparatively few who had t 
knack, let us call it, of attaining new qualitative resultq 




FlQ, 3.— lllustratioa of the action of telepll 



He went on step by step adding to the sum of humi 
knowledge, and evolved the whole science of indue 
currents. Long afterwards, when Holmes had worked od 
IS© principles and made a machine, driven by steam, fo] 
generating an electric current for producing the electrii 
light in lighthouses, Faraday looked at the machine aal 
said, ' I gave you a baby and you bring me a giant.' 

The same line of argument which led us to expect s 
electromotive force to be induced by the relative motion > 
a coil of wire and a magnet le^ds us to other methods i 
inducing an electromotive force in a wire. AmpSre ki 
found that when two coils of wire were placed in prosimil 
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I other, and correnta of electricity were flowing 

1 both in the same direction there was an attraction 

ween them. Exactly similar rettsoning to that pre- 

Y employed leads na to the conclusion that, while 

I cnrrenta are approaching, each induces a counter 

itromotive force in the other. If only one of the 

Ub have an electric current then its approach will 

Wse an electromotive force to be induced in the other, 

Riding to set up a current opposed in direction to that of 

B primary coil. So also the withdrawal of the primary 

1 carrying an electric current induces an electromotive 

e in the second coil, tending to make an electriccnrrent 

I the same direction aa that of the primary coil. Here I 

feiiVe two coils of insulated wire (fig. 4). One of them has 




FiQ. i. — Experiment sluj'wiiig iudaoed currents. 

pends connected to the ends of the wire coil of the 

Dr-galvanometer. The other one haa its ends con- 

d to the zinc and copper of a voltaic battery. The spot 

; on the acreen, reflected from the mirror of the 

Ivanometer, is now quite steady. I now cause one coil 

>proach the other. The presence of an inverse current 

w shown by a violent motion of the spot of light to the 

I withdraw one of the coils and the spot moves to 

9 right, showing a current in the opposite direction. 

, From the expei-iment which has just been done it is an 

Y step to the next experiment. The action which has 

n place is the same as when a magnet pole was brought 

) a wire coil. A wire coil, carrj'ing an electric coiv 

magnetises the surrounding space just as a magnet 

ind.ft current was induced in the secondarj' coil by. 



ELEMESTARY LECTURES OS ELECTHICITT 



TT ■ 

inteDsifiedfl 
The aa.ToaM 



approach of the primary only htcauae this action, i 
the magnetic field inside the secondary coil, 
reault will be attained if I tix the two coUs in position and| 
suddenly start a current iii one of them. Now I compteto 
the electric circuit with the batterj' and primary coil. Aa 
inverse electromotive force is induced in tbe secondary 
coil, starting a momentary current in the coils of the gal* 
vanometer, as shown by the motion of the reflected spot 
of light to the left. The action has now ceased. The 
spot of light is in its position of rest. I break the primarj 
oircnit and the spot of light moves to the right. 

I will further arapliiy the experiment by showing yod 
the enormous influence of the introduction of a bar of iroW 
passing through both coils. The intensification of tha 
magnetic field inside the secondary coil when I make 
contact will now be very much greater, See now with whal 
mddeu jerk the light spot moves, and how it flies hall 
round the room. You will please bear well in mind the 
fact which you have noticed in all these experiments that 
the action of induction is taking place only during th« 
a or decrease of the strength of the magnetic field 
r I have ceased moving the coils no further current it 
induced. When the current in the primary is being mad( 
or broken the induction takes place only during the iifi 
finitesimal portion of time required to start or atop thi 
current. You will also remember that a current is induceC 
in a conducting circuit only while the intensity of thi 
magnetic field within that circuit is in the act of in- 
creasing or diminishing. This fact has been put in anothei 
form by aaying that a current is induced in a conducting 
circuit while the number of magnetic lines of induction 
(lines of force aa Faraday called them) is increasing tl 
diminishing. You may also be assisted in understandii^ 
many experiments if you remember that an electromotiv< 
force may be induced in a conductor which is movii 
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is a magnetic field even tliough tlie conducting circnit 
wnot completed eo as to allow of anj" current passing. 

These ineatimably valnaljle discoveriea of Fiiradtiy were 
it completed in a day. It is all very well for na just to 
1 tew conclusive experimenta as these, and to say 
4 they are the necessary deductions from Oersted's ex- 
penments. But the philosopher who is discoverinj^ new 
facts ia by no means so readily satisfied, and it took some 
01 the best yeai-a of Faraday's life to establish the truth of 
Ine laws of induction. He tested his conclusions by new 
inferences which might be proved by experiment. As an 
example he showed that terrestrial magnetism was suffi- 
''lent to induce a current of electricity in a moving wire, 
^ I will show yon by means of tbis piece of apparatus (Fig. 
S), to which 1 beg you to give your most serious attention. 
Hflre is a rectangular coil of wire to which I can give 
rotation about a horizontal axis so that it can cut the miig- 
netic field created by the earth's magnetism, the earth's 
ni^netic action being pretty nearly vertical — 20° from the 
Vertical — in this latitude. You see that at any moment 
while the upper half of the coil is cutting the lines of in- 
duction in one direction, the lower half is cutting I hem in 
the other direction. It follows that an electric current is 
created from your left to your right in one half of the 
coil, and in the opposite direction in the other side of the 
coil. The combined effect of this ia to produce in both 
parts a continuous current round the coil in one direction. 
But after this has been going on for half a revolution you 
can see that in the next half-revolution the current in the 
wires will be reversed. To cause the direction of the cur- 
rent which we had to the galvanometer to be always the 
same the two ends of the wire coil are not always con- 
nected to the same wires going to the galvanometer, 
A rubbing connection ia matle between the wires going 
lo. the galvanometer and the ends of the revolving wire 
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ooil, so that the npper wire going to the galvanometer is 
always in contact with the end of wire coming fix>m the 
upper part of the coil, and the lower wire going to the 
galvanomett^r is alwaya in contact with tJie ends of wire 
coming from the lower part of the coil. This nibbing 
contiict, changing the electrical connections at each half- 
revolution of the coil, is called a commutator, and you can 
Bee that by its action the current in the galvanometer 




Flo 5 — Ktperiment showing i-urreDtainduGodbj terrestrial 

■Will be continuous in direction 1 rotate the coil with 
rotation m one direction and \oa see we have a sustainf 
deflection of the spot of light to the left I reverse the. 
direction of rotation and the light moves to the right. 
Here the deflection of the galvanometer needle is main- 
tained so long as the coils rotate The commutatoi* 
enable'5 us to accumulate the aucces'iive ttmporary cup- 
rentiB of the rotating coil 

1 trust that you have been able thoronghh to nndej 
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stand tlie action of the apparatus, because it is a type of 
those powerful dynamo machines which we now use for 
producing the electric Hght and for electroplating. The 
essentia! parts are — a rotating coil, a magnetic tield where 
the tinea of induction cut the coil, and a commutator. If 
I put the coil bet'veen the poles of a powerful magnet I 
have a much more intense field than what the earth pro- 
duces. If I fill up the empty space in the middle of the 
coil with iron I still further intensify the magnetic field cut 
by the revolving coil. Here is the revolving part of one of 
the old Siemens and Halske dynamo machiaes, and here ia 
the fixed magnet which creates the magnetic field (fig. 6). 
The revolving part is called an iirmature. You see it 
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consists of wire wound on an iron shuttle. The ends of wire 
are attached to two halves of a split tube, which form the 
commutator. Springs are fixed so as to rub on these, and 
the springs (or brushes as they are often called) form the 
terminals of the machine to which can be attached the 
wire ends of any conducting circuit through which we wish 
to pass an electric current. In the Siemens and Halske 
machines the magnetic field was produced by permanent 
steel magnets. In modern machines thu more powerfnl field 
produced by electromagnets is used. Such machines used 
to be named magneto- or dynamo-electric machines accord- 
ing as permanent magnets or electromagnets were used to 
produce the tield. The general term dynamo machine — 
from the Greek Buvafits, power^is now given to all such 
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mncliiDea in which meclianicfti power is concerted iiiC^' 

electricity. Nearly all iiitwleni dynamo macfaines conntst ' 

(I) of electromagnets to j^^ivo a strong magnetic field : (^ff 
of revolving coils on an iron core forming the armature 
and (3) of a commutator with hrunhes to render the currem^ 
in the external circuit continuous in direction. When yo"^ 
look lit. a dynamo machine it. will be a good exercise 
identify the field magnets, the armatare, the commutator 
and the brushes. The field magneto and brushes are A 
rest, the armature and commutator revolve. 

The moat important modification introduced into man; 
modem dynamos is in the winding of the armature am 
the subdividing of the coramutat/ir into a large number o 
parts. But were I to proceed to such details I should b 
converting this lecture into a purely technical 
whereas my object ia rather to lay principles before yoo 
What has been said will perhaps asaist some of you { 
understanding spei.ial books upon the construction 
dynamos. 

T!ie momentary currants of induction which can 1 
produced by increasing or diminishing the strength of tl 
magnetic field inside a coil are generally of great intensil 
during the short, period of time that they last. I hai 
upon the table an apparatus which illustrates one of thei 
nsea. It consists of u horse-shoe magnet of st«el, vrfti 
soft iron pole-pieces, and bobbins of wire are wound on 
them. An iron keeper connects these poles and serves 
direct a powerful magnetic field through the bobbins 
long as it remains in place, A sudden removal of the ir 
keeper creates a powerful electromotive force in the bobbin 
which may be utilised for signalling and for other purpoaeBi 
At present I have connected it by wires with some Abel' 
fuses for exploding mines. I jerk off the iron keeper ani 
you see the fuses are fired. 

I will now show you a few experiments with this magv 
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sent indaction coil by Apps (fig. 7), in order to realise 

tetahigb electromotive force can be obtained from a amal! 

iaic battery by means of induction. Tlie instrument 

lilsista of a thick bundle of iron wires round wbich many 

turns of a stout insulated copper wire are wound so as to 

•optn a primary coil through which the current from four 

Voltaic cells Cira be passed. A secondary coil of very fine 

*^t>pper wire, moat carefully insulated in sections, is wound 

I over the primary. The two ends of this coil are attached 

I to these knobs on the top of the instrument. In the 

I primary circuit an automatic current interruptor is placed 

>■ W) that the cuiTent in the primary coil is made and broken 

I 



Fig. 7,— Rhumtora c«a 
in rapid succession, thus creating and destroying the mag- 
netic intensity in the iron which penetrates both coils. 
Thus an electromotive force is generated in each turn of 
the secondary coil in one direction or the other, according 
as the primary current is made or broken. The fineness 
of wire on the secondary coil enables us to have an enoi'- 
mous number of turns, in each of which the electromotive 
force is generated. The sum total of these is Buch a great 
electromotive force that it approaches the effect produced 
by the Wimshurst machine which was at work in our first 
lecture. I place the terminals of the secondary coil six 
inches apart, and you see the sparks flying across when the 
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.'.tttzz'-.t i? ai wcrk. Bv connectine the two terminab 
: *':.r acor-iarr c^:il with the inside and ontside of the 
rr/irz. ;ir -we j^i a shorter spark of greater body very 
:":r *r»n."'rr:i50-:i>i»: examination. Here I have ft 
:f VjfcS?. ralf a:; inch thick, pierced by the spark ftom 
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I havr ::: :ie tab'e a similar apparatus without the 
::.:v7r-r'::r Cij-sir-^t-exi bv Messrs. Gaulard and Gibbsfbr 
::'.:i: n::ar^r".'.:u> mean? of disrributing the electric current 
T:.i:j: :bry Lave ir.venre-i. They call the apparatas a 
--.^r- iary ^:ieraT .-r. The first peculiarity of it is that the 
>r: ;:iiaTy cs::! is ■::' '.:«w resistance. A current alternating 
::: .:ire^::::i: is se-^: rhr^^-^Uirh the primaries of a large number 
o:' :i:r>e sr-.v^dary generators in different houses, and the 
>-^::-..:ary o::l> are used to supply current to the electric 
".a:v.ps ::: :iie 1: .^use. This current is of low electromotive 
:Vr:e. l-eja;;>e or' the low resistance of the secondary coils, 
:i:..i i< .; uiTe liar::;>5^s, rh-xigh the primary current may be 
ao:.:a:evi by a iiijrli e.-v.-otr.'^motive force dangerous to life. 
Tills enables :l:e:n ro use thiu telegraph wires to distribute 
t:i-.- curreu: to disraiices, ar a moderate cost, while the 
.>r.-OL:i-iary circui:. which alone is accessible, is quite safe. 
T'-.e astonishiiiir part of the invention was that by a special 
ai'range!nent thoy i^ucceeded in obtaining out of the 
Sr'o.'ndary coil almost as much electrical energy as was 
used in the primary coil, which was the first evidence 
that philosophers had of the small amount of energy 
used up in alternately magnetising iron in opposite 
tlii*ections. 

There are many other experiments illustrating the ina- 
p.»rtant subject of induction which I should like to sho^ 
you. Here I have a horizontal circular copper disc supported 
on a vertical axis to which I can give a rapid rotation. 
Above it is a sheet of glass, on which is a steel pivot for a 
large compass needle to rest on (I I rotate the 
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iipopper dUc, and yoa s^ie t^*t tJir niwpMi SMidfe rcCstea 
[abo in tbt? same direction, tkoo^ tbr ^mi ph'i p tTt^Mi a 

Utago, uid Faradar showed it to b? a o cu M W j ngnoe t/ Aame 
bidooetl cufTents vbidi be had bera inrvstiEttiAf;. Tha 
Bfa^Unation is simple, and bnuidfal in ite araplintr. P»j 
iMitffiition to one pole of the compaae ntedl^; ti» cnpps 
Rxxidactor is moving Uiroogh ite ma^rnetic SeU. Thereon 
Vk mirent is set ap nt that spot along a radins at the copper 
\ diac. This ciurent in torn de^KtB the mtgnetic pole at 




Flu. 8.— Arago's disc. 

^ht angles to a radius, and if you apply the laws of dii'iic- 
tJon which we leamt from Oersted's experimenf,, you wiil 
Sad that the pole tends to move in the same direction aa 
the copper disc, and that the same thing is bapiiening with 
the otiier pole. Hence the compastj needle rotates with 
the copper disc, though separated from all contact with it. 
Ilia has always seemed to me to imprwwone with the idea 
tf some medinm between the diac and magnet communi- 
nting tbp motion. ^^^^^^ 

Tite phenonw""' 'ff Arny/i (!i»rr, nfler It h 



dbv Fai 



•■'i bj- oth#nt,andA 



130 



KLEMENTART LECTUHES -..-^X ELECTftlCITY 



I 
I 



became known. I will sliow you one modification, whic 
was first shown to me by ProfesBOr Gnthrie,' and it seemec 

to me very striking indued. I suspend from ona ftnd of fl 
balance a liorse-shoe magnet, with the poles just over t 
rotating copper disc. The magnet is exactly balanced 1 
weights. I rotate the disc, and the magnet is repelled, ant 
ms to be lighter. Whence this repulaion ? If the cuw 
rent induced radially in the disc is directly underneath tht 
pole of the needle its influence on the needle must be purely 
horizontal. If the induced current were carried round w 
the disc, so that it was in advance of the position occupied 
by the magnet pole, then there would be a vertical com-^ 
ponent, for the magnet pole is always moved perpend icularlj 
to a line drawn from it to the electric current. This vesi 
tical component ahows itself as a repulsion. It appears 
then that in a moving conductor the current ia carried with, 
the conductor. It looks aa if a current once started tends tO' 
maintain itself. This is the correct view. The phenoinenoir 
is sometimes spoken of as electro kinetic momentum, froB 
the analogy of the motion of matter which, when onO 
started, tends to maintain its motion. This is a phenomeuffl 
which we constantly meet with in experiments on inductio 
and in its practical applications. 

I have said that Arago's disc always impresses me wit 
the notion of a medium for transmitting the electric forcei 
Here is an experiment which does so perhaps even moif 
strongly (fig. 9). I have here a copper medal, , 
by a thread between the poles of a powerful electro-magne 
which is not yet connected to the battery; and which i 
consequently non-magnetised. I give a twist to the thread 
and set the medal spinning. It has now acfjuired con 
siderable velocity. I convert the iron into i 
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The medal stops spinning iustitntly. The quit-kly moving 
copper in the strong magnetic field haa electric currents 
induced in it which are bo acte3 upon by the mEi^net as to 
oppose the motion. This is a direct result of the mutual 
action of magnets and carronts which we have studied, 
but it is a suggestive experiment. 




Were I to say all I should like to say about indaction 
I fear I ahoald be drawn into a technical tone, which would 
hardly be consistent with the character of these lectnres. 
It has been our endeavour t« sni-vey some of the leading 
facts which form the foundations of our most absorbing 
science. Only one man has ever ventured to sketch 
a hypothesis to give a logical idea of mechanical actions 
which could explain the phenomena of electrokinetics. 
That man was James Clerk Maswell. But even be in his 
3at work on Electricity and Magnetism thought it wiser 
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to leave hypothesis on one side and content himself with 
collecting the facts and views of Faraday into a complete 
and unassailable quantitative mathematical theory. I well 
remember, in 1874, when that great work appeared Pro- 
fessor Tait said to me : ^ I must now make Thomson (Sir 
William) fulfil his promise. Twenty years ago he said to 
me, " Tell me what electricity is, and I will tell you every- 
thing else." Since Maxwell's book has appeared he must 
redeem his word.' 

I have not said much about invention. The inventors 
of telegraphs, telephones, dynamo machines, and electric 
lights have applied the principles which we have been 
studying. This is a field for separate study. We have 
wandered over the field of electric discovery in a cursory 
manner, and, if I may so express it, we have had the modern 
conveniences of travel. We have not had to face the almost 
impassible mountain chain. We have passed from one place 
of interest to another without any delay on the road. 
When barren steppes have had to be crossed, our 
easy and rapid means of travel has landed us on the oasis 
to revel in its beauties. We have gloried in the achieve- 
ments of the pioneers, but we have not known the toil 
they underwent and the long barren search before the dis- 
covery of each gem. We have learnt to revere the name 
of such a man as Faraday, not because he was the first to 
do this or to see that, but because through his long and 
toilsome life he had one pleasure — to learn more and more 
and to love the works of Nature and the laws by which 
she works, which become simpler and simpler the more 
they are known. Even among the utilitarianism of the 
present time such lives are still being lived. Long may 
the spirit of Faraday animate those whose privilege it is to 
add to the sum of human knowledge ! 
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LECTURE VI. 

DYNAMO-ELECTRIC MACHINERY . * 

[Delivered at the IntematioDal Electrical Exhibition of the Franklin 
Institute, Tuesday, September 16, 1884.] 

The subject of this evening's lecture is Dynamo-Electric 
Machinery, and it ought, perhaps, in greater strictness 
to be defined as dynamo-electric machinery in general, 
and not dynamo-electric machinery in detail ; because in 
a single lecture it is impossible to go into the whole 
subject of the differences between various types of ma- 
chines, and all I can hope to do in the course of this 
lecture is to give to you a general insight into the theory 
aud principles of construction of dynamo machinery and of 
the progress which has been made up to the present time 
lu theoretical investigation and practical application. 

At the beginning of this century our information about 
the action of electrical currents was extremely limited in- 
deed, and it was not until a great discovery was made in 
^ue year 1819 that the basis was laid for those develop- 
ments which have culminated in the vast number of 
Machines which you see around you in this Exhibition. 
^^ the commencement of the century, in fact up to quite 
I'ecent date, the current of electricity was developed, 
^t by means of these machines which we see around us 

* I have thought it desirable to add this lecture to the present 
^lume. It goes o\er much of the ground in previous" le'^^^^nres, but it 
'^es to connect the purely scientific work wit^ most 

^pOTtant flf O. F. 
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ill the EshibitioD, but by means of a chemica! nppanitus 
which waa called a voltaic battery, such a one aa I hold i 
my hand here, which cousistia of two dissimilar metahi, ods 
which is zinc and the other may be of carbon, copper, 
or some other metal. When these two metals are dipped 
into a suitable acid and connected by a wire, a current 
of electricity is said to pass froni the copper throng''- 
that wu*e to the zinc. Now, if you ask me what is tbs 
current of electricity, I am bound to confess to you tU** 
I do not know. All that I can do is to give you b 
analogy to fix your mind upon while you are thiukinff 
about a current of electricity. If I were to take a copper 
wire and hold one end of it iu a hot flame and hold tl'^ I 
other end in a block of ice, heat would be absorbed in th*' I 
end which waa in the flame and heat would be given out J 
in the end which was in the ice, and heat would be con- 
ducted along the wire. No material substance ia conductei 
along that wire, and I am sure there are very few of you 
that can form auy conception of what is passing on i 
the wire. But you have a notion, not a physical con- 
ception, of heat, and the phenomenon of heat transference 
through the wire ia not unfamiliar to you. I do not t 
that electricity is the same as this, but it is the gener^ 
opinion of scientific men that electricity passes througl 
the wire in a somewhat similar manner to beat. It i 
probably energy and not matter which passes througl 
the wire. That, however, is not a tangible analogy. 

I will try now to give you a clearer but grosser ana 
logy. I allude to the analogy which exists between elec 
tricity and the How of water in pipes. When we have i 
certain head or pressure of water we have also a flow o 
water through the pipeSj and the greater the head oi 
pressure the greater is the flow of water tlrrough thep 
At the same time we have in the pipes a certain r 
Bnce to this flow, a resistance due to the small diameten 



>e, and the aaalLer tt^ ti 

Dce tn th^ Sow ei vattr. I& «£ iha» fimtg 

ieity hae an anBlo^ap. We se aUe b> ^ ap 

) call an elecnic pnag«r e er ihiliiii<iii fefne 

ti exactly comespotidi to tbf [■imiiiii of the head cf 

Wlien we ban this ^ectnxBoCiTe Cxce ia tka 

!, we are able to get a can«iit of ekLtiiulr tfcroagh 

That is to sar. a Bow of eiectrickr wUd i* 

y analogoos to the flov of watu- in the pipes* Bat 

e ofTera a resiataooe to the pfnaf^r of dectricttir 

A aa the pipe oSeret] a r^utaace to the flow of water, 




s larger the wire is, and the greater its sectional area, 
peater ia the flow of electricity, just aa the greater the 
■ of the pipe, the greater ia the fiow of water. 
I think you will admit that we hare here a tangible 
f between the flow of water and the flow of elec- 
•nd when I speak of the electromotive force 
!l we have, YOU will iiiiderBtiiiid thiit it is analogous 
e pressure of water, and when I speak of the rexiitt- 
a it is analogous l.o the frictional reBiitt.ance to tljn flow 
r in tlie pipe. 

riouH f'l the yrar IHH> tlie im^nrtiint foctti wliii-li 
io«Ti in couiicf.'tion with th'i iilwA.ric cnw ■^ 
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: > yir?:. that if two wires coming from a voltaic 
.-.-.- were dipped into a solution of acidulated water, 
:■■..■-:.:> i-t* wliicli the wattr is composed were separated 
- ■. •:■ •v.:^. >fd and rose as bubbles to the surface. This 
. .t -.v.>.-:ir I Can >how to vou now on the screen bv means 

ft » 

* . -. *.i:.T»'rn. We will lower the lights. We havenoiT 
! .*. '. wiiidi is exhibited on an enormous scale on this 
^ -v •. i:i an inviTred position. (See fig. 1.) Here is the 
■ ;. j.::d this is all air below; the cell being inverted the 
V .!. :T which is contained in the cell is shown at the tof 
.i" :";.-: •^''ioture ; and here we have two wires; one istobt 
.' v;v:cd with the positive pole of the voltaic battery anc 

••: .■''.■:r with the negative pole. If now the wires be con- 
-. ■ ;-.; '.vo <hall st/e bubbles c^f gas, hydrogen and oxygen 

^ ^ :.- :::e surface. This shows a decomposition of th» 
%> . • •■■. :V.o cell in a manner such as it would be impos 
^ ... :" r v.-o lo <how to vou on the lecture table. 

ft 

i. ■ '■.-;r :Viot which was known at the same time an 
■/:;e of the few important facts known WJ 
'.:' :■. L'tMiductorj made thin enough, were brougl 
•'. with the two poles of the battery it wou 
.'. '.•..•: or white hot. 
. v.vU'nieath this table a voltaic batterv cO 

ft 

V. .^ wire?: coming ab(n-e the table. You w 

X -.. ;.> soiMi as 1 connect them with a thin pie 

■■■ -v that the wire btTomes red hot, and ii 

■'>>:aniv in the circuit bv shorteninjr t 

* ■ ft t^ 

[: even hotter than that; I am able 
,1 briirht re*d heat. 

•*/:":ant facts were tlien known — the c 

•■ nud the heatintr <^f J^ conductor, 

;'..\'tric current. There was anotl 

". 'wii I oii<rht not to omit to mc 

•'■ Sir llum]ilirv ^^"^vy, about t 

..^'v which haJ-^ =*en seen 

I 
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breaking of the circuit could be intensified by using 
number of cells in a voltaic battery, and taking tlw 
ends of the wire and attaching to tbetn two pieces of 
■wftrcoal, on separating these two pieces of charcoal a 
williant light was seen to pass from one piece of the 
(iliarcoal to the other. That la the fundamental experi- 
ment which led to the discovery of the electric light, that 
19 the arc light, which is so very much used in this country. 
The next step made was, 1 believe, the most prolific 
*3tp^rimental discovery ever mr.de in science. It wa.s 
■fade by Professor Oersted, of Copenhagen, on a compass 
"wdie. His discovery was the commencement and the 
o&wn of the whole of that science of electricity which has 
reached such a culmination in this Exhibition, and the 
genesis of every one of the telegraph instruments in the 
Exhibition, of every one of those telephones, of all the 
varione applications of electricity, of every one of the 
types of dynamos in this building. 

For many years people were aware that there was some 
hidden connection between the compass and electricity, 
between the power that impelled the compass to point to 
the north and the lightning in the sky. It had been be- 
lieved that when lightning hat! disarranged the compass 
needle and reversed its polarity it showed that there was 
Bome connection between electricity and magnetism, but 
no one could tell what that connection was. Mathematics 
were of no avail in the solution of this problem, Oerst«d 
happened to he experimenting with a battery and a compass, 
and found the secret of the mystery, and it is from this 
point that we have to investigate the progress of electricity 
this evening. 

Here we have a compass needle suspended under a 
wire. {See fig. 2.) The wire will presently have an 
electric current passing througli it. Oersted found that 
'h^ the carrent coming from the copper pole passed over 
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a ixtmpass needle from the south to tlie north, the compass 
ueedle moved with it^ north pole towards the west. Thafi 
IB, the compass nei'dle was moved by the influeoce of fhe. 
electric current, an action taking place between the 




current over it and itself. On this compasa needle I havs; 
pat some pieces of paper that you may be better able 
see the experiment. If Mr. Enapp, who is kindly giving^ 
me his assistance, wiJl now lower the plates into the battery 
you will immediately see a declination of the north pole of 
the compass to the west. On breaking the current the 




Action of an electric current 01 



compass needle, as yon see, immediately : 
position from north to south. In other words, when 1 
cvirrent is flowing in this direction the north pole of th<3 
compass needle goes to your left. That is to aay, if 1 b 
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1 the direction in which the current is going, the 

a pole of the compass needle seems to go round the 

L the direction of the hands of a watch. And if I 

the compasa needle at one side of the current the 

li pole would still tend to turn round in the direction 

! hands of a watch. The south pole tends io go in 

ft Opposite direction. Another means haa been proposed 

I indicating the direction of motion of tlie compass needle. 

t man be supposed to be swimming in the direction of 

3 current and facing the compass needle, he will see the 




pth pole going to the left. In this way, looking at 
2 a and Fig. 2 h, we see that a current going from 
to north, if above the compass, deflects it to the 
t of north, and if below, to the east of north. There 
s results which we can see to follow from this 
Here I have a rough ring to illustrate the 
direction in which the current is going. (See Fig. 3.) 
liet the light arrows show the direction of the current, 
Now, I have found, when I am looking along these the 
north point appears to go ronnd in the direction of the 
b&ads of a watch ; so, also, looking at it from another point, 



inciple. 



140 



ELEMESTAKY LErTURES ON ELECTRICITY 



the needlt; would still tend to ground in the direction of the I 
hands of the watch, bo that wherever iu front of this circlel 
I may hold the north pole of the compass needle it willfl 
always tend to go through the circle in that direction ifT 
the current is going in the direction of the arrows. Hers,fl 
we have a method of intensifying what was shown by-fl 
Oersted. If I hold a compass in front of a coil the northa 
pole will tend to be sucked in, in that direction ; and thaT 
Eoath pole would be sucked in, in a similar manner, if heldfl 
at the other side of the coil. 




FlO. 1.— Electrui 



iiipporting a, bridge o£ n 



I will show you next another experiment to illustratt 
the analogy between the electric current and magnetism 
which follows directly from Oersted's experiments. Here 
I have a mass of iron or aefca of bars going directly downr 
wards with iron at their base, and coils of copper wirt 
surrounding them througb which I can pass an electric 
current. As soon aa I pass such a currant through thj 
wire this becomes a powerful magnet capable of attracting 
iron objects placed in its neighbourhood. It will hold I 
bar of iron like this with enormous intensity. So, 
tumble upon the polos a quantity of nails the magnetit 
attraction ia so great as to give the nails the appearaDOQ. e 
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ooheaioii, which enables them to stand upright in a bridge ; 
but aa soon as I take away the current they fall down, 
which shows thiit the magnetism has left the magnet as 
soon as the current ceases to How. (See fig. 4.) In this 
experiment the north polarity ia urged through the ii'ou 
in the direction indicated by Oersted's experiment. 

Having shown you how a magnet can be prodnced, I 
will show you the experiment which I described just now. 
Here I have a coil of wire analogous to the coil which Mr. 
Knapp was just now holding in his hand, and here 1 have 
a bar of iron, and I have said that if I have a north pole 
under Lere it will be sucked up if the current is going in 
the right direction. Now the coil will magnetise this bar. 
As Boon as I have magnetised the bar it has a north pole 
at the top, which is powerfully sucked in. The intensity 
of the magnetic effect of this current of electricity is so 
great that I have considerable) difficulty in dealing with 
this mass of iron which I am holding in my hand. 

Now, in this expenment I wish to point out to you the 
kev that exists to the whole of the researches of Faraday, 
which were made some years afterwards. When I have 
this magnetic needle, which is deflected by the current, or 
this bar which is sucked into the coil, it is evident to every 
person of sense here that work is being done. That is to 
say, that when the needle is moved away from the position 
whicli it naturally occupies, work is being done. Where 
does this work come from ? It comes from the interaction 
of the compass needle and the electric current. It is, there- 
fore, safe to say that when a compass needle is moved in 
the neighbourhood of an electric current it is doing work, 
and in order to do work it must take away a part of the 
current from that current which is acting. Now, in order 
to take away from the current it must have tried to start a 
feeble opposing currant in an opposite direction. And 
here is the point that I wish you to grasp, that in the 
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scale at the present momont ; it now points almost to 
the middle of the scale. If then, I take an onlinary coil 
of wild anil reverse the experiment which I was talkiug of 
a sltort time ago, that is to say, pass the pole of tlie magnet 
uitfl the coil of wire, we shall find that the electromotive 
force is stai-ted in the coil of wii-e, and if the circuit of the 
*ire forming the coil be completed through the galvano- 
lUeter, we shall find that a current is created which will show 
Itself by the deflection of the g'alvanometer. (See fig. 5.) 
No», in order that this be made distinct, I shall ask Mr. 
•^napp suddenly to insert the north pole of the magnet 
■nh) the coil of wire. The movetment of the galvanometer 
*'dl be slight, but you will be atle to see it. I will now 
*st him to withdraw the pole and the movement will be 
^ tie opposite direction. In this manner I get up a 
so't of swing in the galvanometer which is more visible to 
you, and shows that I can move the gal variometer needle 
from one side to the other when I put in the north pole 
ff the compass or draw it out. The motion you aee is 
slight, but I am perfectly able to control it ; it moves 
"Ways to the right when I put the pole in and always to 
t"e left when I take the pole out. This movement of the 
lodes proves that Faraday's notion was right. 

I am anxious now to show you this experiment in 
another way, for it shows a further development of onr 
Botion which will enable you to understand the application 
of Faraday's principle to the construction of the dynamo 
niachiue, which we will be investigating in a few minutes. 

Here I have a coil of wire connected up with the gal- 
vanometer. In the coil there is a bar of iron. I show you 
that when I magnetise the bar of iron which goes through 
it, there will be a deflection of the galvanometer, and when 
I reverse the magnetism, there will be a deflection in the 
opposite direction ; so that when I have a piece of iron 
enclosed in a coil of wire all I have to do is to r 
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it by the influence of these neighbouring poles. Mr. 
Knapp will now magnetise the pole by touching the end 
witli a ma?Qet ; as soon as it is macrnetised there is a 
movement to the right. Reverse now — there is a move- 
ment to the lefk. This is merely an experiment which 
assists our comprehension of the construction of the 
machine, or shows that magnetising the iron core produces 
the same effect as the introduction of the magnetic pole 
into the system. 

Now let us see how all these principles, discovered by 
Faraday, can be applied to the construction of dynamo- 
electrical machines. You have se^n when I have a coil 
liere with the north pole introduced through it that there 
is then a current of electricity established in it, and that 
current is established only while the north pole is passing 
through it. When the magnet is fixed no action is taking 
-place, I have introduced the north pole into the coil, and 
if I withdraw that north pole by the way it went in, I 
shall of course create a current in the opposite direction. 
If, on the other hand, I cany the south pole in the same 
direction in which the north pole has gone, it also will 
create a current in the opposite direction. After I have 
passed the north pole through the coil, it is impossible to 
increase the current in that direction. The further motion 
of the other pole must produce a current in the opposite 
direction to the current first produced. However I may 
act in this way I am bound to get a motion which gives 
alternate currents. If I use a bar of iron surrounded by 
a coil of wire and magnetise it, with the north at one end 
and the south at the other end, I get a current ; but it is 
impossible for me to keep that current going because I 
cannot get beyond a certain amount of magnetisation. 
If I reverse the magnetisation I produce a current in the 
opposite direction at the moment of reversal. 

It would seem then that we have the power of producing 
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B alternating in direction, TJiis was the only typo 
lOlline known for a confiiderable time ; and all of yoa 
seen those instrumenta in which a handle was fciirned 
ly white a parson held the ends of the wire in Iiia 
and received a aucceasion of serere shocks ; that was 




FlH. 6. — PiKii'H macihine. 



3 the production of alternate carrents by an arrange- 
which altprnately magnetised and demagnetised the 
iore inside the coil. 

will now show you some illustrations on the screen 
L show the construction of machines for producing 
late cnrrenta in this manner. 



I 
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This is one of the alternate current machines, like thtai 
of Pixii or Saxtoii (6g. 6). Here we have a horseslioi 
magnet fixed about an axis to nhich a rapid rotation caid 
be given. At the top are two coils which remain fi 
inside these coils there are bars of iron. The consequence 
of this ia that when the magnet ia rapidly rotated the ; 
north polo and the aonth pole will be successively presented I 
to the eoila, and the resnlt is a continual reversal of the I 
magnetism in those coils ; and every time the magnetifmi I 
is reversed a current is created in one direction or the I 
other ; and if the wires in these coils are held iii the hand 
a succession of violent shocks will be felt by the peraol 
holding them. One of the original machines of thia typ 
ia shown in the historical collection in this exhibition. 

I will put into the lantern another slide, showing ( 
different form of machine. Here again ia a horseshi 
magnet. The magnet does not revolve, but the coils ( 
wire revolve in front of the poles of the magnet. Hai 
are the two coils at the liottom mounted upon ( 
which is horizontal. These two coils are rotated rapidly; 
Inside the coils are cores of iron. The cores of iron wa 
magnetised in opposite directions as they pass from oa 
pole of the fixed magnet to the other pole, and every ti 
they do so, the current is changed in direction. Here a 
we are able to receive shocks from the coils by holdiQ 
the end of the wire in the hand. In this machine, 
constructed, there was an arrangement for changing ti 
direction of the cuiTent in the outer circuit at the sa; 
time that the magnetism was changed, bat of that I v 
speak later. 

In the next slide I shall show you the most practical < 
all the older machines (fig. 7). This was the Alliance 
machine used for lighthouses in Great Britain and FranceJ 
It consists of a vast number of horseshoe magnets. Thii 
machine has actually been employed in our lighthonses ii 
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I France and England. At tliB present moment yoa may 
I see a machine made by De Meritens, which is exhibited by 
I Jameg W. Queen & Co., at the far end of this exhibition, 

n-liir!i is cniistviietr'd nn fhi- 5^:i!iii' prinrinli^. 



-t 




Flo T — Tho Alliance machine for a 



^^H Fig 

j^^^Ta. large number of rows of hoise II h i i^'iitia are 
about thif central axii around which alsa there la a ring 
£cqi1a ot wire each with iron enclosed, and all these coils 
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pftSH in Biicceasioti the polea of the magnets, ftnd so altera 
currentB are created in the coils which prodnce 
of great intensity. These powerful currents are generate 
by means of a steam engine, and so we were able to g 
the powerful spark of the arc lamp like what was seen b 
Sir Humphrv Davy, m 1811 

I may now pass on rapidly to the greatest impro™ 
ment which was jntrodaced and that was the contmucrf 
current mnchme It ivai fnnnd possible to take the* 




rotatea with tba hands 



Opposite direction and reverse their direction througi tj 
circuit, that is to say through an arc lamp or through 
hands of the person holding the wii-es, and thus a co 
tinuons current always in the same direction was 
A single reversal, howevar, did not produce a ste 
and it was a long time afterwards before means v 
devised for creating a steady current, which was of real 
in prodnoing these continuous currents which we now 
in electric lighting, and in this country in telegraphy. 
The greatest improvement was introduced bj 
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ime about the year 1870, and he did this by means 
of a machine, a, diagram of which you can see on the 
»b1I here. This is only a rough diagi'am showing the 
principle of the raachine (fig. 8). 

Here ia the north pole of the field magnet, marked 
'A',' and here ia the south pole, marked ' S.' These are 
m^etised by coils going around the mass of iron. Here 
is a ring of iron with coils of wire wound around it. This 
is the armature. The iron of the ring becomes magnetised 
V the influence of these north and south poles of the field 
magnet and the poles in the ring retain the same position 
in space while the ring revolves. As soon as the ring 
rotates it follows that these wire coils are continually pass- 
ing over the pole, or I might say this pole in the iron ia 
continually passing through the coils. In other words, an 
electric enrrent is being continually developed through 
fiuocessive cods as they pass through here. 

If you look at the sketch yon will see that there is a 
futh pole in the ring at s opposite to the north pole in 
the field magnet, and a north pole in the ring at ii opposite 
'''the soutJi pole of the field magnet. If you i-emember 
the rule I have given you about the direction of currents 
yon will be able to trace their direction in the machine, 
onppose the ring to be revolving in the direction of the 
hands of a watch, the north pole "will be going in the oppo- 
site direction through the coils, and if the eye be placed so 
that the north pole is coming towai'ds it the induced cur- 
Wat circulates with the hands of a watch ; with a south 
pole the reverse takes place. Follow this oat and you will 
Bee that the current flows in the upper semicircle from A 
through s to li, and in the lower one from A through li to 
■B. But the wire is continuous, and if metallic brushes 
take up the enrrent at A and B you see that the current 
will go out of the armature coils at B, tlirough. the circuit 
again at A. 
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Mr. Gramme constructed a commutator with a larg 
number of bars to which the ends of these coils wei 
connected, and he used metal brushes to rub on them, ajD 
thus there was a continual series of changes going on 
each coil passes those brushes, and thus he was enabl^^" 
to get a very continuous current of electricity through lu:::^ 
machine. 

I have put up here a small diagram to illustrate the 
action of these commutators (fig. 9). In the old alter- 
nate current machine there is a bobbin passing the poles 





Fig. 9. — Action of commutators. 

of the magnet ; the current increases to a maximum 
and falls to a minimum, then increases to a maximum in 
the opposite direction when there is no commutator em- 
ployed (a). When we put in a single commutator, so as to 
reverse the current at each pole, it rises to a maximum and 
falls to a minimum, and we get this interrupted current, but 
always in the same direction (J)), That was the first kind 
of continuous current made. Some machines were intro- 
duced to give a double commutation that is twice commu- 
tated in the course of a revolution, and thus an irregular 



Sort, of currpnt was produced (c) ; but when Gramme intnfl 
^Qced Iits niacbiue with a vitsb number of com mutations ifl 
IB8 re vol alien he had a vast number of currents, and thnfl 
ilbere is an almost continuous current produced by thM 
Sramme machine (tl). fl 

In the Gramme machine which I showed you here, thn 
cnrrent itself is used to excite t]ie magnetism in what arm 
c^llud the field magnets, and it passes through this flelofl 
■Biagnet before going to the lamp circuit. That is what iaM 
CsUed winding the field magnets in series. SoiiietimesJ 
the current is taken direct from the revolving portion to I 
le lamp circuit, and a second cun-ent is taken to the field I 
"lagnets, forming two circuits, and thus the field raagneta I 
ire Eaid to be magnetised in a shunt. The practice oM 
using tlie current which is induced to produce the miijijnetiBnm 
rf the field magnet was a completely new thing in 18(i8,.J 
rad was invented simultaneously by several peojile, notabljrl 
lyWheatstone and Siemens, who produced papers doscrib-, J 
Dg it on the same day in the Hoyal Society of London. 1 

Iwill now show yon on the screen a few more itiachinoB 
f the continuous cnrrent nature, including a IJranime 
Oachine, and some of the details of tlie Gramme macliine, 
Od I hope when you have seen these diagrams you will ba J 
ble when going around this Exhibition to study the nature J 
f the different machines. It is in the arrangemeut of the J 
ftld magnet and armatures in which the machines vary. J 
'ha whole evening might be given to the variations of the I 
iBerent machines ; in the meantime I can only show yoU' J 
very few illustrations of the different types nf miichincH. I 

The first machine that I have to show you hert> in tJiafl 
laohine of Wilde (fig. 10). Allow me to call yourl 
ttention to the special parts. In the revolving arniaturtB 
lecfericity is induced. This is the seat of the olectro-J 
lotive force; this is the pump which pumps t,he watofl 
ad gives it itf pressure, and enables it to go throa^^H 
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the circuit. B B are the magnets, which are compose 

of soft iron. niapTietised bv the coils of wire sarroundia 




Tie 10 —Wilde a magneto electr 



them. In Wilde's machine he had a emal! machine, P^ 
with permanent steel magnets, fixed on top of the li 
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They are not bo powerful magnets as these electro- 
itB, and he used to induce a small current of elec- 
inKtead of using the larger current to magiiet.iae 
\ these electromagnets . It created a feeble current, which 
- circulated around these field magnets, and gave an intense 
magnetisn] to these pole pieces G. These pole pieces 
being polarised, and the armature revolving, the coila of 
the armature developed an electric current of great inten- 
sity, far surpassing the current developed by the little 
machine. Thus he was enabled to get a very great current, 
BuflBcient for electric lighting. 




This next slide is a Siemens' machine, made also with 
permanent horse-shoe magnets (fig. 11). You will see the 
revolving part attached to the driving gear at J?, That 
revolving part is of course the armature ; the coils of the 
armature being between the pole pieces. This central part 
is a mass of iron, and the coils of wire run longitudinally 
around the core (fig. 12). Tliis machine, as originally 
constructed, had simply a single commutator, which 
reversed the current once in each revolution, which sent a 
^4(Ullinuoas but varying current through the circuit. 




is the Gjanime arniatuiL, whicli ntatea abo it the hori-* 
zontal asis, ind here ii the commutator 

This next picture is an ideal Gramme rinp; (fig. 13). 
Here are the successive coila Here 11 tlie south and here 
is the north pole of the nng "i ou will notice t.hafc in each 
trie carreut is developc 



E passes 



e pole, 




FTSTTi. — Portion of a Gramme ring, showing the n 
wire. EisBi 
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TLo current will always be in the same direction, at ^^^ 
pure of tlie ring, and very nearly continuons. 

The next picture is a portion of a Gramme ring (fig. L - 
It shows the way it is made up ; it consists of a 
core of iron wire and coils of insulated wire succesave 
laid upon it. It ia cat, showing the ends of the wii 
projecting. 




ViOr. 16.— Hand Oiaoui' 



Here is a small Gramme machine, which canbeworkefl 
by hand (fig, 15). In construction it is exactly similar 
Here are the poles ; there is a revolving ring ; the commn« 
tator is on the other side, and cannot be b€ 

This picture is of a machine of very remarkable hi* 
torical interest (fig. 16). TTiis was designed by Pacinotfc 
and described about the year 18G-1. It i 
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Be ring in many points. It revolves 
KcU instead of a horizoiitAt axis, and as it revolvea 
mt is picked up by a commutator. This was 
a small scale, and was not nsed for commercial 
It is conclusively proved, however, that Gramme 
mow of the work of Pactnotti, but it is ineontest- 
b Pacinotti was the inventor of the typo from wliicb 
ther machines have been constructed, 
ttempt has been made to improve the constancy, 
trrent, and prevent the difference in intensity which. 



jvolvea ^^^ 




■when W(> (in- ij'^iiit,' a hu'yr- or sniitil number 

It is found with aome kinds of machines thafc 

iity of the electroniotivo force increases when we 

} to the circuit, and in other kinds we find the 

is the case. When the field magnet of a machine is 

shunt, as wa diminish the number of lamps, the 

ift burning increase in brightness. The machine 

lluminates this hall is one with a shunt. It is the 

Idison machine, This machine will not show the 

ery much, because the armature of that machine is 
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inade of very low reaiatance, and it ia only lighting 3C 
lamps instead of 1,600; and the electromotive force 
pressure is steady, however we vary the number of 1(uii.pi 
Still it ia a shunt-wound machine, and there is & digl 
difference between the intensity of the lights. 

I win now put out the lights in succession, and le»i 
these two lamps to be last put out. Tou will notice tli< 
there is a alight increase in the brightness of tlie last tw 
lights; it remains with you to notice that the change J 
very slight indeed, This illustrates how we can make 1 
machine that will regulate itaeli'; that ia, however manj 
lamps we put upon the circuit the electrical pressure is tbfl 
same and the intensity remains constant. 

Now watch these two lights as the others are put oat 
in succession. You see they are decidedly getting brightef. 
Put them in again and you will see the opposite effect tain 
place. You will see them dimming. Now, this is dia- 
tinctly dimmer than it was a little while ago, tlioagh bni 
very little. It is quite evident to you that a machine liJ 
the Edison (the machine producing these lights is what 
called the Jumbo) does not vary much when we vary thf 
number of lamps up to SOD. It is astonishing when Wf^ 
descend to one lamp and show such a small variation il 
the light. In an ordinary small machine the change o 
brightness would have been decided. In the shunt^wonn* 
machine, when wo increase the number of lights w 
diminish the intensity of each. In the series machine thi 
opposite is the fact. I might show you that esperimenl 
but time is passing quickly. That is to say, when we put il 
one lamp in a series machine it hai'dly glows at all. Thi 
reason is that the current is very feeble with one lamp 
because the resistance in the circuit is very great. WhM 
the current is feeble the magnetism of the field magnets ii 
feeble, and that is the cause of the low electromotiw 
force. As I increase the number of lamps I am iacreaBU)| 
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fhe means of escape ; that is, I am increasing the number 
of pipes of my hydraulic system, and letting more water 
flow, and the magnetisation is more complete. 

Of late years it has been attempted to produce perfect 

equality even in the small machines, and without pnng 

to the vast dimensions of the large-size Edison machines, 

hf winding the field magnet in a double way, partly 

u series machine and partly as shunt nuicliine. 1 have 

already explained to you that when we have a slumt- 

wonnd machine the electromotive force gradually dimin- 

iahes as we put in more lamps; and I have shown that 

in the series machine the electromotive force gradually 

increases as we reduce the resistance and put in num» 

lamps. Therefore, taking the mean of these, or sunnning 

these two together by winding these two magnets partly 

in series and partly in shunt, the electromotive torct* 

does not vary in so great a degree. Thus we are able to 

get by a proper adjustment a perfect etjuality or ditler- 

ence of potential between the two parts of the line, and, 

whether we are dealing with the terminals, at the niaehine 

itself, or where the lamps are applied a mile away, by a 

proper compound winding, partly in series and partly in 

shunt, we are able to produce a compound machine whieh 

gives a constant electromotive force however nuiny lani|)s 

we are using — that is, however many pipes we nuiy have 

drawing off water from our supply. 

I had hoped to have spoken about the effects t)f alter- 
nate current machines, which would have beiMi t^xt renu^Iy 
interesting; but time is passing so rapidly that it is im- 
possible to deal with this subject now. 1 will only show 
you one remarkable experiment by means of the alternate 
current passed through a coil of wire on one arm of the 
electromagnet and through an incandescent lamp. 

I will show these effects, because they are verj- re- 
markable. The effects of the alternate current mach* 
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:^iZLi IT ±:sT sizhr. Perhaps, if I 
-- i.-n..- Z —57 have given some ii 

i^- i-i-i'-^ *-^r>?. and it may enable 
■:' -.1- i.j£^:^::-es to be met with in 
i...i_-TS. ir.i riLable Them to arad 
■--.- i- ;'j.zsri:-s in The fntnre. I mil 
7^:.: T.!^;-::^! :-e c?il of the electro- 
-■■:^i :t.t ".-.■an-ieseent lamp. Tlat 

" -.T-rrd. 3-T as soon as I join the 
:, fc-i-Ti -1- i The seoond coil of t^ 




^^cTr'-Ti^^^-TT. i: \--:.ic[^'^.v ^^ows brightly. See 

\^"l:r;: I V.riVr av. ^i'.Te-i^iTr' o;;rre;it passing through this 
trrsT core, :t i* ex^er ■:*!:■.*: a '.arge power in magnetising 
;i::J d-.-i'jai!ne::<iKi that o.Te. lliat cure exercises its in- 
tiuonce u|xiu the other core t-i ninguetise and demagnetise 
it, Tims the iron in these two arms of the magnet is being 
magnetised and demagneti-fed with great rapidity, and it 
is raking away from the current ivhich is feeding this lamp. 
But so soon as I connect the wires of this other coil I am 
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Using up tlie power and magnetism in this core. I am 
oiaking it do work in creating currenta in thia second 
f^oil ; that is to say, this second coil acts as a drag on the 
Hiagnetisra of the core. So soon, then, aa I connect the 
^da of the wire of this second coi! the magnetism cannot 
''hange there so suddenly, and the primary current is not 
*ble to do so much work in the magnet, and therefore it ia 
^ore free to exert its own force, and therefore it enables 
^B lamp to glow with greater brightness than it did before. 

I must not trespass upon your time longer; I feel that 
I have already exhausted the limits which I had set myself, 
and which ought to be set to a lecture of this kind. On the 
Subject of dynamo- electric machines several lectures might 
advantageously be given. We have, I think, advanced a 
great distance in the way of theoretical application of the 
laws of electricity to the dynamo-electric machines; we 
owe a gi'eat deal of this not only to the advance in theory 
hut also to the advance in the application of theory. 
There is a great deal stili to be done by theory and by 
practical application. If we look to the past we shall find 
that there has been too much hesitation on the part of 
practical men in accepting the results of theory ; and if 
we look with hope to the future we shall see theoretical 
views put to practice to guid-e ua and direct us in our 
efforts to arrive at perfection. 

On a recent occasion Lord Rayleigh, the president of 
the British Association, at Montreal, and also the very 
distinguished professor at the University of Cambridge, 
England, stated that he was astonished to find, considering 
how well known were the laws of induction in the time of 
Faraday, and how complete wag our knowledge of electrical 
induction in those years long past — he was astonished to 
dnd at how slow a rate the practical applications of those 
principles long ago published by Faraday had been intro- 
duced into every-day work. Lord Rayleigh then stated 
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his opinion that the canse of this bIowhess to apply ^^ 
achipvements of science was due to want of faith, bdO * 
agree with him that this is the true solution of the enigtoa. 
Faraday was a man whose mind was taken up with original^ 
investigation, Faraday had aa complete a mathematical^ 
conception of the theory of electricity aa any of us who 
have studied Clerk Maxwell's book could have, a!thong» 
lie could not express one word of Ms ideas in terms of 2, in 
and z. And in this way from the experiment of OeisteO 
he was able to divine in kis own mind the consequences of 
that experiment, and foresee the results of his own experi" 
ments in developing electromagnetic induction ; whereof 
you would have thought it was only by the application 
the higher mathematics that this could have been done. 
He also had this peculiarity — that he knew what bis beni 
was, and in what manner he could be of the most benefit t; 
mankind. He says himself, in one of his writings, as mud 
aa this. In speaking of th& possible applications, and thrown 
ing out a hint as to the manner in which powerful dynamo 
electric currents might be created, he makes use of th( 
following language : ' But in all my work it has beer 
endeavour not to seek out applications in practice so i 
as to arrive at new principles.' I speak from memory, bo 
I think these are nearly the words that appear in hi 
' Reselirches.' This was the key to his life. He knew tha 
he had an inherent power to discover new principles, 
that if he left the applications to others they would comi 
in time. 

In this past history of the appJicationa of eJectricity 
have thus to remember that thirty, forty, and even fifti 
years ago we had the knowledge which was given us h; 
Faraday, which would have enabled us to construct thj 
dynamo-electric machine, and it was only through wan 
of faith in those whose duty it ia to deal with the applii 
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Kfoa of scieotific facts that the Blowoess has been due. 
F-Aod in fature let it be hoped that theory and application 
I will work hand in hand, and that, while theorists see that 
■tiie value of their investigations and the impetus which 
impts them are due to their practical application, so 
8 whose duty it is to apply science commercially may 
e that the rapidity of these applications depends upon 
I tlip acceptance of the results of theory ; and if this Kxhi- 
iition !ind this course of lectures lead those who apply 
; science to study a little more fully the new ideas which 
I" tleory is teaching us, and if they lead theorists to see a 
P wider range for the applications of theory, then the 
f niana^rs of this Institute will have had the best reward 
I' possible for giving these lectures in knowing that they 
I We been of some avail. 
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Th» Four SomiBli In Greelt. * 
WUto, D.D. 



St. Mart) and St. JobB'ii OonBla. 
li. Sd. «Mlh. 
LIV. The Acta of Ibe ApoeOn. 'b.M. 
. It.; St Panl'B BpiiUe l« Cbe RoDuia. !>.« 

b anek-EugUih L«iicDn. Bdlted by Jolin ' 



WHITE'S GRAMMAR'SCHOOL LATIN TEXTS. 

IT. GalllD War, Booki I. & H. V. Nopog. Ulltiailea, Simon, Paoianlai, 

VI. U. each. Book I. wltbont ArUtldea. 9d. 

Ksbnluy, ad. Old. Belectloiu from Bptattaa and 

ir. OalUs War, Booki lU. di IV. Futl. li. 

.each. Ortd, Select Uytlu From Hatamor. 

a. Qalllo War, Book VII. li. M. phoau. Sd. 

V. CaCo Major (Old Age}, li. »d. PhEedrn) 



o Blnloiy, Booiu L 



I, Fablsa. Books I. * n. 



VirgU, .aineld. Books I. to VI. Ij. aaolu 

Book L wllhout VocahnlaiT, U. 
VligU, .fineW. Booka VH, Vlll. X. 



LONGMAHS, GRKEN, & CO., London and New York. 



A Seleotdon of Educational Works. 



THE FRENCH LANGUAGE. 



Init&Titumxii Frniob Bvff 



ma] & Kusbo'H QndinMl Fnnofa Trnnlitlni Book. Pirt I. iL 
Pirt TI. tu Kaj to P»rt I. hj PrDfHBOc Oiwml, price Bj. 

ICAl Frnncb and Hfie:11flh DtcrUonHry. Vost Btq. S«. id, 
St ?nnoh and Bnellib DfoUonaty. Sqoan IBnui. U. Id. 



Onmma 



lb DfJecCai. M. 



Aai<dni«, Sd. I Frnich TranilBtloii-Book. Si. 

B)'iitaii,M. — '- "■ 

BVeooh OonveraMlon-Boolt, gd. 

Ftnt Pranot BibcoIm-BooIi, M. . , __, 

Beoond FiaiDbB»niiH-Bwk,gd. ] 7TeiichaudB>iBllHbDlal(igiKa,M. 
i Onlde to French Tnuulatlon. Umo. Si. id. Kej Si. Bd. 

— Fnuatonn Dt FoAtos Fnm^ald. ISmo. it. 

— FrMi da la Uci^ratura FnnfalBo. lima. Si. Sd. 

Fivml'a OhraiBM at Bleul, with NolM Ui 0. Sankoy, MJi. Fop. Bto. U. M. 

Jqrmn^ S«Qtfflica far TranalatSan into Frencli. Or. fivD. U. Key, 2i. td. 

Prandargaifs Mastery Serlea, Fre-aeb. ISmo. is. fld, 

Bcfafeatre'a Philosopha aoiu lea lolw, by ^ti^reqanl. Sqiun Ifim^ If. td. 

atepvlng-etane to Frenob PramuLolation. ISmo. 1i. 

Btltvaoard'n I«!tiiRE FnDtalHn from Uotem Antbon. Unio.li.BiE. 

— Bulea and Kxerclii!i on tbc Freuuh Lauguagtu Uma Sk Hi, 

Tam'a Bton Pnoob Qmmmar. llmo. 6i. fid. 



— Gmnan Beading Bgok. lamo. «j 
LoDgiaui'i PookeC Osnnaii and BngUsb 



FlntOennan B: 

Seoond GtermHQ El 
Pimde^aet'i Manery Seiiea. Gen 
qnick'i BBentJiUi ol Genatn. Ci 



Wlrth'a Oerman Cbll-Ohat. Onwa Bio. U. ed. 

LONGMAHS, GBEEN, k. CO., IxuuloQ and New York. 
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